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SECTION  1  -  INTRODUCTION 


1.1  BACKGROUND  OF  PROBLEM 

a.  Communication  systems  operating  in  the  electromagnetic  (EM)  environ¬ 
ment  are  subject  to  EM  disturbances,  which  affect  the  reception  of  information. 
These  EM  disturbances,  termed  environmental  noise,  are  grouped  into  three  broad 
categories:  galactic  noise,  atmospheric  noise,  and  man-made  noise.  In  recog¬ 
nition  of  the  need  for  work  in  the  area  of  vehicle  ignition  noise  and  its  ef¬ 
fects  on  communication  system  performance  (ref  11),  the  United  States  Army 
Communication-Electronic  Engineering  Installation  Agency  (USACEEIA)  tasked  the 
U.S.  Army  Test  and  Evaluation  Command  (TECOM)  with  establishing  a  test  program 
to  determine  the  EM  emissions  from  military  and  civilian  vehicles  powered  by 
gasoline-fueled,  internal-combustion  engines. 

b.  On  15  August  1978,  TECOM  tasked  the  U.S.  Army  Electronic  Proving 
Ground  to  measure  the  EM  noise  emissions  from  vehicles  with  gasoline  internal- 
combustion  engines  and  to  evaluate  the  performance  of  various  tactical  commu¬ 
nication  systems  deployed  in  the  proximity  of  such  vehicles. 

c.  The  overall  objectives  of  this  test  program  were  to  measure  the  sta¬ 
tistical  structure  of  the  ignition  noise  generated  by  EM  emissions  of  single- 
and  multiple-vehicle  configurations  and  to  determine  the  cause/effect  rela¬ 
tionship  of  such  emissions  on  various  communication  systems.  The  specific 
goals  (all  of  which  were  met)  were.to-- 

(1)  Prepare  vehicular  noise  measurement  and  communication  system 
performance  test  methodologies.  (Test  methodologies  were  developed  and  are 
presented  in  the  test  plan,  app  4,  ref  12.) 

(2)  Measure  the  statistical  structure  of  vehicular  noise.  (Results 
of  measuring  vehicular  noise  are  presented  in  para  2.2.) 

(3)  Analyze  single-  and  multiple-vehicle  noise  data  to  determine 
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their  distributions  with  associated  means  (p),  variances  (a  ),  and  confidence 
limits.  (Results  of  this  analysis  are  presented  in  paras  2.3  and  3.1.) 

(4)  Analyze  the  relationships  between  the  statistical  structures  of 
single-  and  multiple-vehicle  noise.  (Results  of  this  analysis  are  presented 
in  paras  2.3  and  3.1.) 

(5)  Analyze  the  relationship  between  the  statistical  structure  of 
multiple-vehicle  noise  data  and  the  communication  system  performance  data. 
(Results  of  this  analysis  are  presented  in  paras  2.3  and  3.1) 

(6)  Provide  recommendations  and  propose  methodologies  for  future 
data  measurements  and  analyses.  (Recommendations  and  prepared  methodologies 
are  presented  in  para  1.3.) 

1.2  SOLUTION  TO  THE  PROBLEM 

a.  This  effort  was  directed  towards  the  study  of  vehicular  noise  and  its 
effects  on  communication  system  performance.  To  conduct  this  study,  a  program 
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was  established  which  encompassed  investigative  tests  on  vehicles  in  single- 
and  multiple-vehicle  configurations  in  an  open-field  site.  The  vehicles  de¬ 
scribed  in  appendix  1  were  acquired  for  these  tests.  A  mobile  van  instru¬ 
mented  with  special-purpose  test  equipment  was  used  to  collect  (see  app  2  for 
measurement  techniques)  and  process  the  measured  noise  data.  Appendix  3  pre¬ 
sents  samples  of  measured  data.  These  data  were  then  further  analyzed  with 
the  use  of  a  computer  to  provide  estimates  of  the  cumulative  distribution  for 
the  envelope  of  the  noise  in  addition  to  determining  the  relationships  between 
the  appropriate  statistical  parameters  of  vehicle  ignition  noise. 

b.  In  addition,  a  limited  number  of  communication  performance  tests  were 
conducted  on  U.S.  Army  communication  systems  (see  app  1  for  description)  while 
the  receivers  were  exposed  to  vehicle  ignition  noise  emissions.  The  results 
of  these  tests  were  used  to  provide  values  of  articulation  score  (A§),  as  de¬ 
termined  by  a  panel  of  trained  listeners,  and  articulation  index  (AI),  as  de¬ 
termined  by  the  Voice  Interference  Analysis  System  (VIAS) ,  for  each  system 
under  various  vehicular  noise  conditions.  Appendix  2  presents  detailed  de¬ 
scriptions  of  AS  and  AI  and  associated  measurement  techniques.  The  AS  and  AI 
data  were  then  analyzed  to  identify  their  relationship  to  the  vehicle  noise 
emission  data. 

1.3  MAJOR  RESULTS  AND  RECOMMENDATIONS 
1.3.1  Major  Results 

a.  For  the  four  communication  systems  investigated,  a  relationship  has 
been  found  between  AS  and  AI  for  impulsive  noise  (see  fig.  17).  This  relation¬ 
ship  is  quite  similar  to  that  found  for  other  forms  of  interference;  for  exam¬ 
ple,  Gaussian  noise  (see  fig.  18). 

b.  For  the  amplitude-modulated  (AM)  system  operating  in  an  impulsive  ig¬ 
nition  noise  environment,  intelligibility  can  be  maintained  at  significantly 
lower  signal-to-noise  ratios  than  those  required  for  the  ambient  Gaussian  noise 
(see  fig.  IS).  This  corresponds  to  the  findings  of  previous  test  results  for 
impulsive  noise  (see  fig.  A. 13  in  Spaulding,  ref  1). 

c.  The  results  for  the  frequency-modulated  (FM)  system  appear  to  be  sim¬ 
ilar  to  those  found  for  the  AM  system  in  item  b  above  (see  fig.  14).  The  com¬ 
parison,  however,  is  not  as  dramatic  and  is  more  varied. 

d.  For  the  high-frequency  single  sideband  (HF  SSB)  system,  the  ambient 
interference  consisted  of  primarily  continuous  wave  (CW),  which  was  much  less 
degrading  than  the  impulsive  ignition  noise  (see  fig.  13).  The  degradation 
in  this  case  seemed  to  be  relatively  independent  of  the  number  of  vehicles 
present. 


e.  The  results  for  the  FM/PCM  (pulse-code-modulated)  system  indicate 
that  the  system  is  impervious  to  ignition  noise  in  that  very  high  intelligi¬ 
bility  was  maintained  in  all  cases  until  synchronization  was  lost  (see  fig. 
16). 


f.  A  significant  data  base  of  ignition  noise  amplitude  probability  dis¬ 
tribution  (APD)  and  average  crossing  rate  (ACR)  (see  table  I,  refs  1  and  2, 
and  appendix  5)  measurements  was  attained  and  documented. 
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g.  APD  measurements  (see  table  I  and  app  5)  are  useful  for  separating 
the  root-mean-square  (rms)  vehicular  (Vy)  and  ambient  components  of  the  com¬ 
posite  noise  signal  (see  app  3)  present  in  the  intermediate  frequency  (IF) 
bandpass  of  a  receiver.  However,  cases  were  observed  particularly  at  lower 
frequencies,  where  the  ambient  was  so  dominant  that  an  estimate  of  the  vehic¬ 
ular  component  was  difficult. 


h.  At  the  two  lower  frequencies,  23  and  75  MHz,  the  ambient  background 
was  quite  variable  and  generally  composed  of  interfering  signals,  rather  than 
the  normally  assumed  Gaussian  background. 


i.  The  vehicular  rms  component  (V^)  varies  approximately  as  10  log  b, 
and  the  peak  envelope  voltage  (V^)  varies  approximately  as  20  log  b^,  where  b 


is  the  bandwidth.  The  ambient  rms  component  (V^)  may  or  may  not  vary  as  10 

log  b,  depending  on  the  nature  of  the  ambient  interference.  The  average  en¬ 
velope  value  (Vay)  and  the  root-mean-square  envelope  value  (V  )  were  both 

highly  correlated  with  V  (i.e.,  r  =  0.996  and  0.901,  respectively)  and  tend 
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to  vary  with  bandwidth  in  much  the  same  way  as  (ref  1). 


j .  The  structural  moments  of  vehicular  noise  (V  and  V  )  taken  at  one 

rms  av 

frequency  cannot,  with  much  accuracy,  be  extrapolated  to  other  frequencies. 
Similarly,  the  APD's  cannot  be  accurately  extrapolated  to  other  frequencies 
and/or  bandwidths. 


k.  A  reasonably  simple  technique  has  been  developed  for  estimating  the 
multiple-vehicle  APD's  from  the  APD's  of  the  individual  contributing  vehicles 
(see  app  3). 

1.3.2  Recommendations 


a.  In  future  tests,  it  would  be  desirable  to  measure  the  APD  at  the  IF 
output  of  the  communications  receiver.  These  measurements  should  be  compared 
with  the  APD's  recorded  by  the  test  measurement  system. 

b.  The  noise  automatic  test  equipment  (NATE)  system  should  be  compared 
with  other  APD  measurement  systems  for  various  types  of  noise  conditions. 

c.  In  future  tests,  a  wide  raqge  of  signal-to-noise  ratios  should  be 
used  to  estimate  the  AS/AI  performance  characteristics. 

d.  Recommendations  are  made  for  further  statistical  analysis  of  the  mea¬ 
sured  data  and  the  establishment  of  a  measurement  program  to  evaluate  the  ef¬ 
fect  of  vehicular  noise  on  radios  using  new  techniques  for  data  transmission 
(SINCGARS-V) ,  PLRS ,  etc.). 

e.  A  review  of  the  data  on  some  of  the  systems  tested  suggests  that  fur¬ 
ther  measurements  are  desirable  for  these  types  of  systems. 

f.  Modifications  should  be  made  to  the  amplitude  probability  detector  to 
use  an  estimator  scheme  to  select  amplitude  levels  and  to  change  the  dwell  time 
at  each  probability  to  assure  equal  statistical  confidence  for  each  data  point. 
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1.4  ORGANIZATION  OF  THE  REPORT 


This  report  is  divided  into  two  major  parts,  the  first  of  which,  desig¬ 
nated  sections  1  through  4,  includes  the  summary  of  methodology,  summary  of 
results,  conclusions,  recommendations,  and  a  list  of  the  references.  The  sec¬ 
ond  major  part,  consisting  of  appendixes  1  through  5,  presents  detailed  test 
and  analysis  information  (including  descriptions  of  the  vehicles  and  communi¬ 
cation  systems),  description  of  measurement  instrumentation,  data  analysis  and 
results,  raw  data,  and  glossary  of  symbols.  Because  of  the  volume  of  the  di¬ 
rectly  measured  data,  appendix  5  has  not  been  published;  but  the  raw  data  can 
be  made  available  to  those  who  need  to  see  them. 
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SECTION  2  -  SUMMARY  OF  METHODOLOGY 

2.1  INSTRUMENTATION 

2.1.1  General 


a.  Noise  parameter  data  were  collected  for  vehicle  EM  emissions  accord¬ 
ing  to  the  test  plan  (ref  12)  by  a  special  computer-controlled  receiving  and 
data  reduction  system.  This  system,  known  as  the  noise  automatic  test  equip¬ 
ment  (NATE),  is  shown  in  figure  1.  The  NATE  system,  except  for  its  receiver, 
was  installed  in  the  shielded  portion  of  a  mobile  van.  The  receiver/selector 
components  were  located  at  the  base  of  the  antenna.  NATE  system  automatically 
stepped  through  a  prearranged  sequence  of  test  instructions  to  collect  and  com¬ 
pile  vehicular  noise  parameter  data.  These  data  were  then  stored  fox  data  re¬ 
duction  and  printout.  As  depicted  in  figure  2,  the  components  of  NATE  are  the 
antenna,  receiver/preselector,  programmable  spectrum  analyzer,  amplitude  prob¬ 
ability  detector,  programmable  computer  interface,  desk  top  computer,  and  pe¬ 
ripherals.  Electromagnetic  emanations  were  intercepted  by  the  antenna,  and 
the  resulting  analog  signal  was  then  fed  to  the  receiver/preselector.  Here, 
the  signal  was  filtered,  amplified,  and  mixed  with  a  stable  sinusoidal  signal 
supplied  by  the  programmable  local  oscillator.  The  resulting  signal  had  a  1-MHz 
bandwidth  and  was  centered  at  21.4  MHz.  This  signal  was  then  supplied  to  the 
radio  frequency  (RF)  input  of  the  programmable  spectrum  analyzer,  which  was 
tuned  to  21.4  MHz.  The  analyzer  was  operated  as  a  receiver/detector  (i.e.,  in 
the  time  domain)  and  was  set  in  the  logarithmic  (log^g)  output  signal  mode  to 

increase  the  test  system's  dynamic  range.  The  analyzer  detected  the  input 
signal  in  accordance  with  computer-selected  parameters.  The  output  video  sig¬ 
nal,  representing  the  voltage  envelope  of  the  noise  emanation  with  a  specific 
bandwidth,  was  fed  from  the  analyzer  to  the  amplitude  probability  detector. 
The  detector  measured  ten  points  on  APD  and  ACR  functions  for  the  noise,  in 

addition  to  the  envelope  voltage  rms  (V  )  and  average  (V  )  values.  Peak 

rms  av 

voltage  (Vp)  was  measured  by  the  HP-8568A  spectrum  analyzer.  The  APD,  ACR, 
Vrms’  Vav’  and  Vp  values  were  sent  t0  the  HP-9845  desk-top  computer  for  anal¬ 
ysis,  storage,  and  display. 

b.  Automatic  instrument  control  and  data  logging  were  incorporated  into 
the  system.  The  controller  was  an  HP-9845,  which  interfaced  through  both  an 
IEEE-488  bus  and  a  CDC  53  interface.  The  CDC  53  provided  an  extended  inter¬ 
face  for  the  IEEE-488  bus  as  well  as  the  ability  to  listen  to  other  types  of 
input  signals  and  to  permit  control  by  means  of  the  bus  over  certain  other 
equipments,  such  as  relays  and  attenuators.  By  using  this  configuration,  the 
amplitude  probability  detector,  filters,  amplifiers,  local  oscillator,  and 
spectrum  analyzer  were  controlled  by  the  HP-9845. 

c.  Software  was  written  to  generate  a  sequence  of  (measurement)  events 
plus  prompting.  Prompting  was  used  to  allow  the  test  personnel  to  make  cer¬ 
tain  manual  checks  and  adjustments  required  during  the  measurement  sequence. 

d.  All  data  and  measurement  system  parameters  were  entered  into  the 
HP-9845  either  automatically  by  magnetic  tape  or  manually  through  the  console 
by  the  test  personnel.  The  collected  data  were  recorded  on  data  sheets  or 
graphs,  which  were  generated  by  subroutines  contained  within  the  overall 

(Text  continued  on  page  2-4) 
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_ See  fig.  2-1,  app  2,  for  more  detail 

Noise  automatic  test  equipment  block  diagram. 


automatic  test  sequence  (ATS)  program.  In  addition,  the  data  were  then  re¬ 
corded  on  paper  tape  for  future  analysis. 

2.1.2  Single-Vehicle  EM  Noise  Emission  Tests 

a.  EM  noise  emission  tests  were  performed  on  a  number  of  single  vehicles 
to  obtain  data  on  the  statistical  structure  of  noise  generated  by  their  igni¬ 
tion  systems,  which  would  provide  a  basis  for  a  detailed  analysis. 

b.  The  NATE  system  and  test  antenna  were  set  up  as  shown  in  figure  3  for 
the  single-vehicle  tests.  Prior  to  the  vehicle  noise  runs,  the  NATE  was  cali¬ 
brated  by  means  of  the  methodology  described  in  appendix  2.  In  addition,  sys¬ 
tem  and  ambient  noise  data  were  collected  before  each  vehicle  noise  run.  De¬ 
pending  on  the  operational  frequency,  a  calibrated  biconical  or  coplanar  log 
periodic  antenna  was  positioned  in  front  of  the  vehicle  at  an  antenna  aspect 
angle  of  zero  degrees. 

c.  Tests  were  conducted  on  each  of  the  12  vehicles,  positioned  as  shown 
in  figure  3,  and  data  were  collected  on  the  noise  parameters  described  in 
table  I  for  spectrum  analyzer  bandwidths  and  receiver  tuned  frequencies  listed 
in  table  II.  The  vehicle  was  usually  positioned  three  meters  from  the  test 
antenna,  or  as  noted  on  the  test  data  sheets.  Measurements  were  performed  on 
each  of  the  vehicles  with  the  engine  rotational  speeds  set  at  1500±30  r/min. 
In  addition  to  the  data  shown  on  the  data  sheets,  the  peak  voltage,  V  ,  was 

measured  manually  with  a  field  intensity  meter  (EMC-25)  and  appropriate  an¬ 
tenna  at  the  side  of  the  vehicle,  according  to  SAE  J551e  (ref  2)  for  all  four 
test  frequencies,  and  for  50  and  153  MHz — for  the  purpose  of  possible  compar¬ 
ison  with  the  NATE  data  and  data  taken  in  other  SAE  tests  (ref  3).  The  EMC-25 
antenna  was  positioned  at  the  side  of  the  vehicle  (per  ref  2),  and  the  data 
were  taken  simultaneously  with  those  of  the  NATE. 

d.  Tests  were  also  conducted  (set  up  as  in  fig.  3)  to  determine  the  var¬ 
iations  in  ignition  system  noise  produced  by  a  single  vehicle  as  a  function  of 
vehicle  distance  from  the  test  antenna.  Noise  parameter  data  described  in  ta¬ 
ble  I  were  collected  using  the  spectrum  analyzer  bandwidth  of  300  kHz  and  the 
receiver  tuned  frequencies  shown  in  table  II.  The  vehicle  was  positioned  at 
2,  5,  10,  20,  50,  and  100  meters  from  the  test  antenna.  These  measurements 
were  conducted  on  A  vehicles .  Three  whose  noise  emissions  were  the  greatest 
were  selected  from  the  first  12.  One  of  these  was  the  vehicle  tested  for 
ignition  noise  emission  previously  on  the  "Wheels"  task  (refs  4  and  5).  The 
fourth  vehicle  tested  (number  13)  was  not  of  the  group  of  12  but  was  a  par¬ 
ticularly  noisy  one  used  for  transportation  by  one  member  of  the  test  person¬ 
nel.  For  each  test,  the  engine  rotational  speed  was  set  to  1500+30  r/min. 

2.1.3  Multiple-Vehicle  EM  Noise  Emission  and  Communication  System  Perform- 
ance  Tests 


a.  EM  noise  emission  tests  were  performed  on  multiple  vehicles  to  obtain 
data  on  the  statistical  nature  of  the  noise  generated  by  their  ignition  sys¬ 
tems.  Communication  system  performance  in  the  presence  of  this  noise  was  also 
measured.  The  data  obtained  provided  a  basis  for  further  analysis. 


(Text  continued  on  page  2-8) 
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TABLE  I.  VEHICLE  NOISE  PARAMETERS 
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*Assuaes  stationarity  over  Interval  T 


TABLE  II.  TEST  CONFIGURATION  REQUIREMENTS  FOR  THE  MEASUREMENT  OF  VEHICULAR  NOISE 
AND  COMMUNICATION  SYSTEM  PERFORMANCE  PARAMETERS 
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T 


b.  For  the  multiple-vehicle  and  communication  performance  measurements, 
the  NATE  system  and  test  antenna  were  arranged  as  shown  in  figure  4.  As  in 
the  previous  tests  for  single  vehicles,  NATE  was  calibrated  by  the  methodology 
of  appendix  2.  In  addition,  system  and  ambient  noise  data  were  collected 
prior  to  starting  each  subtest.  For  these  tests,  the  vehicles  were  placed  on 
a  three-meter  radius  about  the  test  antenna,  with  the  front  of  the  vehicles 
toward  the  antenna. 


c.  The  communication  system  equipment  was  installed  in  a  separate  van  in 
the  configuration  shown  in  figure  5.  This  equipment  was  operated  at  the  fol¬ 
lowing  frequencies: 


Equipment 


Frequency 

(MHz) 


Nominal  IF 
Bandwidth  (kHz) 


AN/GRC-106 

23 

AN/VRC-12 

75 

AN/ ARC-51 

300 

AN/GRC-103 

900 

10 

30 

30 

300 


d.  Data  were  collected  on  the  noise  parameters  described  in  table  I 
using  the  spectrum  analyzer  bandwidths  and  receiver  tuned  frequencies  listed 
in  table  II.  The  engine  rotational  speed  of  each  vehicle  was  set  to  1500±30 
r/min. 


e.  Communication  link  tests  with  vehicle  noise  as  an  interfering  source 
were  performed  for  the  vehicle  configurations  marked  yes  in  the  right-hand  col¬ 
umn  of  table  III.  For  these  tests,  three  levels  of  degradation  were  recorded 
by  adjusting  the  transmitter  signal  level  into  the  communication  receiver.  The 
signal  level  into  the  receiver  was  then  measured  and  entered  on  a  data  sheet. 

In  one  test  sequence  (number  29),  the  signal  level  was  held  fixed  while  three 
levels  of  degradation  were  obtained  by  adjusting  the  noise  level. 

f.  At  each  of  the  three  levels  of  degradation,  a  phonetically  balanced 
word  group  was  transmitted  over  the  communication  link.  The  audio  output  of 
the  receiver  was  recorded  for  evaluation  by  trained  listeners  to  obtain  AS. 
The  VIAS  was  used  to  measure  AI  for  each  degradation  level. 

2.2  DATA  COLLECTED 

a.  Measured  data  results  of  the  various  vehicle  noise  tests  are  con¬ 
tained  in  appendix  5  of  this  report.  '  The  test  was  conducted  during  the  period 
13  to  24  August  1979  at  a  low-noise  site.  The  site  was  selected  based  on  spec¬ 
tral  data  collected  as  part  of  the  site  selection  process  (ref  13). 

b.  Approximately  1700  amplitude  probability  detector  scans  were  made  dur¬ 
ing  this  time  frame,  which  resulted  in  420  automatically  recorded  and  printed 
data  graphs.  Each  graph  contains  results  from  four  scans:  (1)  a  scan  using 

a  calibrated  noise  source  (see  fig.  2,  app  2),  (2)  a  total  system  noise  scan, 
(3)  an  ambient  noise  scan,  and  (4)  the  test  vehicle  noise  scan.  The  420  data 
graphs  are  for  various  single-  and  multiple-vehicle  tests  configured  from  13 
test  vehicles,  which  consisted  of  (1)  a  noisy  8-cylinder  1970  Chevrolet  truck, 

(Text  continued  on  page  2-12) 
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Plan  view  for  the  conduct  of  multiple-vehicle  noise  tests. 
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TABLE  III.  VEHICLE  CONFIGURATION  TEST  CODES 


Test 

Code 

No .  of 

Vehicles  Tested 

AI  and 

AS 

1 

1 

No 

2 

1 

No 

3 

1 

No 

4 

1 

No 

5 

1 

No 

6 

1 

No 

7 

1 

No 

8 

1 

No 

9 

1 

No 

10 

1 

No 

11 

1 

No  ! 

12 

1 

No 

13 

3 

No 

15 

1 

Yes 

16 

12 

Yes 

17 

6 

Yes 

18 

6 

No 

19 

6 

No 

20 

3 

No 

21 

3 

Yes 

22 

3 

No 

23 

2 

No 

24 

2 

No 

29 

1 

Yes 

30 

0 

Yes 

NOTE:  Test  codes  29  and  30  correspond  to  the  results  for 

tests  25  and  14,  respectively.  They  were  rearranged 
for  convenience. 
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(2)  an  8-cylinder  1970  Dodge  pickup  (one  of  the  original  "Wheels"  vehicles, 
ref  3),  (3)  two  8-cylinder  1973  Ambassadors,  (4)  five  6-cylinder  1979  Fords, 
(5)  one  6-cylinder  1974  station  wagon,  and  (6)  three  4-cylinder  Fords. 

c.  Four  different  communication  links  were  set  up.  Various  configura¬ 
tions  of  vehicle  types  were  used  as  noise  sources  to  interfere  with  the  links. 

d.  The  key  noise  parameters  which  were  used  to  provide  a  statistical 
analysis  of  vehicle  noise  and  communication  system  performance  are:  (1)  APD, 
(2)  ACR,  (3)  P^,  (4)  V  ,  (5)  Vav,  (6)  V^^,  and  (7)  average  voltage  deviation 

(V^).  The  noise  parameter  data  (table  I)  were  stored  on  paper  tape  for  future 

analysis  and  quick  retrieval.  In  addition,  hardcopy  printouts  of  the  data  sim¬ 
ilar  to  figure  6  were  recorded.  A  total  of  419  data  printouts  were. provided 
by  the  measurement  schedule.  Table  IV  presents  a  summary  of  the  annotations 
found  on  the  hardcopy  printouts. 

e.  A  limited  number  of  communication  performance  tests  were  conducted  on 
U.S.  Army  communications  systems  while  the  communication  links  were  exposed  to 
vehicle  ignition  noise  emissions.  During  these  tests,  recordings  of  the  re¬ 
ceiver  audio  output  were  made  to  determine  AS.  A  total  of  15  tapes  (60  word 
groups)  was  provided  for  articulation  scoring. 

2.3  BRIEF  DESCRIPTION  OF  ANALYSIS  METHODS 

2.3.1  Single-Vehicle  Tests 

a.  APD  Data  and  Plots 


(1)  The  APD  raw  test  data,  in  terms  of  voltage  threshold  as  a  func¬ 
tion  of  probability  (see  fig.  6),  were  grouped  and  analyzed  with  the  aid  of 
software  developed  for  a  PDP  11/45  computer.  Certain  portions  of  these  data 
were  eliminated  from  the  analysis.  These  were  cases  where  errors  were  noted 
and  in  which  the  ambient  noise  (i.e.,  receiver  noise  plus  interference  with 
the  vehicle  off)  was  dominant  and  no  reasonable  estimate  of  the  vehicular 
noise  component  could  be  attempted.  It  was  assumed,  based  on  previous  re¬ 
sults  (ref  6),  that  the  APD  for  vehicular  noise  was  a  composite  Weibull  dis¬ 
tribution  defined  for  ambient  and  vehicular  noise  regions. 

(2)  This  report  presents  parameter  values  such  as  V  ,  V  ,  and  V  , 

rms  d  v 

all  of  which  are  measured  for  specific  bandwidths,  b.  These  values  refer  to 

2 

the  mean  square  values  of  the  IF  envelope  voltage,  that  is,  E(v  ),  where  E(*) 
denotes  the  probabilistic  expected  value.  In  particular,  V^g  refers  to  the 

rms  value  of  the  IF  envelope  when  both  the  vehicular  and  ambient  noise  compo¬ 
nents  are  present.  Va  and  Vv  represent  the  rms  values  of  the  ambient  and  ve¬ 
hicular  noise  components,  respectively.  The  IF  voltage  can  be  written  as: 

v  _(t)  =  r  (t)  cos [u)t  +  6  (t)]  +  r  (t)  cos(u>t  +  *  (t)] 

lr  a  a  v  v 

VjF(t)  =  v(t)  cos[uit  +  0(t)] 

(Text  continued  on  page  2-15) 
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TEST  SEToF  DATA 


VEHICLE  NOISE  TEST 
5 


OS  II  •?.»  'MD'V/ 
I3:25:3i  ih:m:s> 


VEHICLE  DESCRIPTION 
CIVILIAN  PASS.Ce  OR  8  CVL> 


ANTENNA  DESCP IPT I jH 
BICON  TYPE  48? 


TEST  CODE:  1€  VEHICLES  IN  THE  TEST:  1  2 


4  5  <5  ?  3  ?  18  11  l 


ENGINE  SPEED  ANTENNA  POSITION 
1508  PPN  8  a«j.  3  a. 

C  > I  ■  RMS  v>  c  VC  vb  Noi  »'p 

52. SdBuV  37.7  iBuV  ?.iaB  72.0d3uV  -€3. IcB 

Vv  •  *6.3  dS<yE)  -  32.4  dB(uV) 

Vub  -  30.0  JB(uV) 

“a*  "  2S*7  dB(uV) 


REC. 

FREQ. 

SPEC.  ANAl.  Bw 

?z 

MM2 

38  i 

*  Hz 

MEASURED 

APD  VALUES: 

P o  i  n» 

P»*ob. 

PC  s 

UBrfnf 

1 

.0001 

1O0E-01 

27.3 

2 

.8005 

4O0E-01 

23.3 

3 

.0010 

32OE-01 

21.3 

4 

.0130 

493£»0O 

12.4 

5 

.0200 

rS3E.00 

7.5 

6 

.0500 

I57E*81 

.5 

7 

.  1030 

310E.81 

-7.4 

3 

.2000 

5?8E»01 

-12.  3 

9 

.3000 

906E+01 

-14.  3 

10 

.4000 

1O1E.02 

-15.3 

Figure  6.  Example  of  data  for  a  selected  test. 
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where 


r  (t),  $  (t)  =  envelope  and  phase  of  the  ambient  noise 

3  3 

ry(t) ,  $y(t)  =  envelope  and  phase  of  the  vehicular  noise 

v(t),  0(t)  =  envelope  and  phase  of  the  composite  noise 

then 

Va  =  20  log10lE(r^(t))]1/2  dB(pV) 

Vy  =  20  log10[E(r2(t))]1/2  dB(|jV) 

Vrms  =  20  lo8iolE(v2(t))]1/2  dB^V) 

Confusion  arises  as  to  the  description  of  these  rms  parameter  values  in  terms 
of  dB(pV)  (i.e.,  dB  relative  to  the  power  expended  by  a  1-pV  source  across  the 
same  impedance).  Reference  1  provides  some  guidance  in  the  use  of  this  unit, 
in  addition  to  presenting  the  factors  to  convert  to  other  types  of  units.  Fig¬ 
ure  7  (ref  1)  is  a  simplified  diagram  which  can  be  used  for  these,  conversions. 

For  example,  if  measured  across  a  50-ohm  load  is  67  dB(pV),  then  the  cor¬ 

responding  dBm  value  would  be  67  dB(pV)  -  107  dB  =  -40  dBm. 

(3)  As  described  in  appendix  2,  paragraph  2.2.2c,  the  calibrated 
noise  source  provides  an  output  level  which  is  considered  in  NATE  system  ref¬ 
erence.  For  a  specific  test,  the  rms  noise  level  in  dB(pV)  due  to  this  source 
is  listed  under  the  column  marked  Col.  RMS  in  figure  6.  In  the  example  this 
value  is  52.6  dB(pV).  By  applying  figure  7  and  noting  that  the  measured  rms 
voltages  include  an  IF  gain  factor,  it  can  be  shown  that  the  52.6  dB(pV)  value 
is  approximately  equal  to  35  dB  >  KTob  (see  para  2.2.2c  for  example).  The  mea¬ 
sured  rms  voltage  values  for  an  actual  measurement  are  presented  above  the  APD 
and  ACR  plots  as  illustrated  in  figure  6.  These  values  are  given  in  terms  of 
dB  >  KTQb  and  dB(pV).  In  the  example,  the  measured  rms  voltage  across  50  ohms 

is  46.89  dB(pV).  Using  the  same  procedure  presented  in  paragraph  2.2.2c  and 
figure  7,  this  voltage  is  equal  to  46.89  dB(pV)  -  40  dB  +  67  dB  -  10  log  (30 
kHz)  or  29.3  dB.  The  IF  gain  factor  of  40  dB  has  been  subtracted  from  the 
46.89-dB  value  to  arrive  at  the  appropriate  dB  >  KTQb.  These  rms  voltage  lev¬ 
els  are  used  as  the  reference  for  thp  measured  APD  and  ACR  values  (see  fig.  6 
for  example).  For  example,  if  at  a  specific  probability  the  measured  APD  value 
for  vehicular  noise  was  equal  to  46.89  dB(pV) ,  then  the  plot  would  indicate  a 
value  of  0  dB. 

(4)  Straight-line  approximations  representing  the  Weibull  distribu¬ 
tion  were  fit  to  the  measured  APD  data  by  use  of  regression  techniques  for  the 
ambient  and  vehicular  noise  regions.  Figure  8  presents  an  example  of  the  com¬ 
puter  printouts  showing  the  straight-line  parameters  and  their  estimates.  The 
figure  includes  a  legend  which  identifies  the  key  headings.  The  data  from  fig¬ 
ure  8  were  then  used  to  construct  APD  plots  similar  to  figure  9  for  all  fre¬ 
quency-bandwidth-vehicle  combinations.  The  plot  depicted  in  figure  9  repre¬ 
sents  the  two  highlighted  lines  shown  in  figure  8.  The  first  line  corresponds 

(Text  continued  on  page  2-19) 
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APD  LINE 

PARAMETERS  TEST  1 

FREQ  B* 

VTRMS 

MV 

KV 

WRMS  MA 

KA 

VARMS 

INTERSECT*  DB 

PR0B 

1 

1 

40.  01 

8.3926 

-0.361 

23.34  .5.0221 

-108.836 

39.64 

43*41 

0.0014 

ADJUSTED* 

39.74 

8. 3926 

-0.  36 J 

23.34  5.0221 

-100.836 

39.64 

43.4  1 

0.0014 

l 

2 

46.03 

8.9399 

-14.503 

34.40  8.6186 

-178.  324 

40.97 

42.67 

0.0276 

ADJUSTED* 
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J.  1749 

-20.02  7 
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-69.. 798 
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0.0168 

ADJUSTED* 
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4.1  .86 
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0.8875 

-4.995 

15.34  3.2964 

-32.268 

19.09 

22.64 

0.0407 

ADJUSTED* 

20.62 

8.  8675 

-4.995 

15.34  3.2964 

-32. 268 

19.09 

22.64 

0.0407 

2 

2 

21.  16 

0.4186 

0.980 

14.43  2.8527 

-29.078 

19.97 

24,70 

0.0162 

ADJUSTED* 

21.15 

0.4670 

0.J0I 

14.91  2*8527 

-29.  07tt 
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24.53 

0.  0203 

2 

3 

21.37 

0.4908 

1.196 

9.42  2.0194 

-2.1.  122 

20.90 

29.20 

*B.00l  1 

ADJUSTED* 

21.18 

0.  4908 

1.  196 

9.42  R  2.0000- 

-20.880 

20.86 

29.25 

0.0010 

2 

4 

30.18  * 

0.2032 

4.063 

24.01  2.8528 

-43.931 

30.38 

36.23 

0.0026 

ADJUSTED* 

31.28 

0.2032 

4.063 

24.01  2.8528 

-43.931 

30.38 

36.23 

0.0026 

2 

5 

33.84 

0.  1404 

5a  409 

35.19  1.6238 

-25.  990 

32.51 

42.33 

0.0010 

ADJUSTED* 

34.06 

0.  1755 

4.508 

28,05  1.6238 

-25.. 990. 

32.51 

42. 12 

0.0013 

3 

2 

27.07 

0.2369 

2.709 

27.36  1.7627 

-14.846 

17.12 

23.01 

0.0304 

ADJUSTED* 

2  7.86 

0.2489 

2.465 

26.58  ft  2.  0000 

-17.211 

17.21 

22.47 

0. 0340 

■  mi’  MT* rFHiTTTTTTi —  .  II 

5  3 

3 

33.  1  i 

0.  1657 

3.940 

39.93  2.0583 

-22. 579 

21.89 

28.03 

0.0145  ■ 

S ADJUSTED* 

33.95 

0.2071 

2.945 

33.68  R  2.0000 

-21.850 

21.85 

27.66 

0.0222  5 

3 

4 

38.  J9 

0.  14.73 

4.264 

46.63  2.2943 

-30.  78J 

26.6  2 

32.65 

0.0096  | 

ADJUSTED* 

39.89 

0»  1 8  4 1 

3.2B7 

38.85  R  2.0000 

-26.  405 

26.41 

32.70 

0*0141 

3 

5 

44.27 

0.  1101 

5.392 

62.20  2.0194 

-31.  118 

30.80 

3B.25 

0.0036 

ADJUSTED* 

48. 08* 

0.  13  76 

4.598 

48.81  ft  2.0000 

-30.  784 

30.78 

38.00 

0.0052 

4 

4 

23.58 

0.  1281 

6.017 

34.60  2.2943 

-22.331 

19.69 

26.63 

0.  0027 

ADJUSTED* 

26.43 

0.  1601 

5-346 

2S.47  ft  2.800a 

-19. 407 

19.41 

26.91 

0.0036 

4 

5 

33.82 

8.  8926 

6.809 

57.75  2. .1511 

-26.  065 

24.  II 

31.94 

0.0012 

ADJUSTED* 

48. 57*. 

0.3160 

6.266 

40.47  ft  2.0088 

-23.943 

23.94 

32.07 

0.0015 

LEGEND: 


FREQ  •  Test  Measurement  Frequency 

1- 23  MHz 

2- 75  MHz 

3- 300  MHz 

4- 900  MHz 

BU  ■  Test  Measurement  Bandwidth 

1- 3  kHz 

2- 10  kHz 

3- 30  kHz 

4- 100  kHz 

5- 300  kHz 

VTRMS  -  Measured  V_  in  dB(uV), 

nu 

If  on  the  flrat  line. 

VTHMS  -  Calculated  V  In  dB(wV), 

ns 

If  on  the  ADJUSTED  line. 

MV  -  M  paraaeter  of  Weibull 
v 

distribution  for  vehicular 
noise  component . 


KV  -  10  log,,  k  ,  where  k  la  k 
"10  v  v 

Weibull  distribution  paraaeter 
for  the  vehicular  noise  component. 
WRMS  ■  Calculated  vehicular  noise 
coaponent  In  dB(uV') 

MA  -  a^  paraaeter  of  Weibull  distribution 

for  ambient  noise  coaponent. 

KA  »  10  log1Q  k^,  where  k^  Is  k  Weibull 

distribution  paraaeter  for 
aablent  noise  component. 

VARMS  •  Calculated  ambient  noise 
coaponent  in  dB(uV) 

INTERSECT:  DB  FR0B  -  Coordinate  point  on 
AFDIS  plot  where  lines  for 
aablent  and  vehicular  noise 
regions  intersect. 

*  -  Measured  V  leas  than  ambient 
rms 

R  •  Rayleigh  ambient  slope 


Figure  8.  Example  computer  printout  from  PDF  11/45  for  APD  regression 
analysis. 
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Figure  9.  Example  plot  of  single-vehicle  APD  data  with  adjusted  straight  line  approximations. 


to  the  estimated  (using  regression)  APD  line  parameter  values  which  have  not 
been  adjusted  using  the  pivoting  technique  described  in  appendix  3.  This  tech¬ 
nique  involves  the  rotation  of  the  two  straight-line  approximations  (i.e.,  one 
for  the  ambient  region  and  one  for  the  vehicle  region)  about  their  midpoint  to 
conform  more  closely  to  theoretical  values.  The  dashed  line  annotated  with 

VRMS  in  figure  9  is  the  measured  V  designated  under  VTRMS  (i.e.,  33.1  dB(pV)] 

rms 

in  figure  8.  Theoretically,  the  mean-square  sum  of  the  vehicular  (V  )  and  am¬ 
bient  (V  )  noise  voltage  components  (WRMS  and  VARMS  in  figure  8)  should  equal 

3 

the  overall  measured  V  (VTRMS  in  figure  8).  However,  as  seen  in  figure  9, 

rms 

their  sum  is  40.0  dB(|jV),  an  error  of  6.9  dB.  When  the  vehicular  line  has  been 
adjusted  by  a  20-percent  change  in  slope,  and  the  ambient  line  has  been  rotated 
to  the  theoretical  Rayleigh  slope  (MA=2),  the  VTRMS  value  drops  to  34.0,  be¬ 
cause  the  rms  vehicular  noise  component  WRMS  changes  from  39.9  to  33.7,  and 
VARMS  was  virtually  unchanged.  The  original  regression  lines  for  the  ambient 
and  vehicular  noise  regions  intersect  at  a  voltage  threshold  of  28.0  dB(pV) 
and  a  probability  equal  to  0.0145  (see  the  last  2  columns  in  fig.  8).  With 
pivoting,  these  values  change  to  27.7  dB(pV)  and  0.0222,  respectively.  The 
slanted  solid  lines  depicted  in  figure  8  are  the  adjusted  straight-line  ap¬ 
proximations.  The  Weibull  parameter  values  of  MV,  MA,  KV,  and  KA  listed  in 
figure  8  are  used  to  calculate  the  slopes  and  intercepts  for  both  the  vehic¬ 
ular  and  ambient  noise  region  straight-line  approximations.  Appendix  3  pro¬ 
vides  a  detailed  discussion  of  the  and  V  parameters  and  presents  equations 

relating  them  to  the  Weibull  parameter  values.  Computer  printouts  and  plots 
for  the  regression  analysis  of  the  APD  data  is  also  included  in  appendix  3. 

b.  Noise  Parameter  Data 

(1)  Sample  medians,  means,  standard  deviations,  and  cumulative  dis¬ 
tribution  functions  were  calculated  from  the  raw  data  for  the  various  noise 

parameters  (V  ,  V  ,  V  ,  V  ,  and  V  ).  Sample  plots  of  these  data  for  each 
r  rms’  av’  p’  v’  a  r  r 

frequency  and  the  bandwidths  used  in  the  performance  tests  are  presented  in 
appendix  3. 

(2)  A  regression  analysis  was  also  performed  by  using  the  univariate 

straight-line  model  to  relate  the  noise  parameters  to  bandwidth,  frequency,  and 

each  other.  Results  of  this  analysis  were  tabulated,  and  an  example  plot  for 

V  versus  bandwidth  is  illustrated  in  figure  10.  The  points  around  the  line 
rms  r 

represent  the  V  values  recorded  at  a  specific  NATE  receiver  IF  bandwidth 

during  the  tests  designated  at  the  top  of  the  figure.  For  the  example,  the 
standard  error  of  the  estimate  (STD  ERROR  EST)  is  2.7  dB.  This  indicates  a 
small  variability  about  the  estimated  line.  Regression  lines  for  the  noise 
parameters  are  included  in  appendix  3. 

2.3*2  Multiple-Vehicle  Tests 

a.  Straight-line  approximations  to  the  Weibull  distributions  were  also 
fit  to  the  vehicular  and  ambient  regions  of  the  APD  curves  of  multiple-vehic¬ 
ular  noise  data.  In  addition,  frequency  and  bandwidth  regressions  of  multiple- 
vehicle  analysis  were  performed  for  each  of  the  noise  parameters.  Results  of 
these  regressions  are  presented  in  graphic  form  as  part  of  appendix  3. 
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Figure  10.  Example  regression  analysis  plot  for  V  versus  bandwidth. 


b.  The  vehicular  noise  components  for  each  of  the  individual  vehicles 
used  in  a  multiple-vehicle  test  were  summed  on  a  mean-square  basis,  and  the 
results  were  compared  to  the  overall  vehicular  component  determined  from  the 
measurements.  Figures  11  and  12  present  typical  plots  of  measured  and  pre¬ 
dicted  APD  curves  by  using  straight-line  approximations  over  the  vehicular 
and  ambient  noise  regions.  Additional  plots  and  tabulation  of  the  data  are 
given  in  appendix  3.  The  recorded  V  level  for  the  specific  test  has  been 

indicated  on  these  plots  for  reference.  The  solid  line  represents  the  re¬ 
sults  of  the  linear  regression  for  the  multiple-vehicle  measured  data.  The 
squares  show  the  predicted  value  for  multiple-vehicle  data  derived  from  mea¬ 
surements  on  individual  vehicles.  The  various  dashed  lines  are  APD  straight- 
line  approximations  for  individual  vehicles,  as  indicated  by  the  test  code  at 
the  top  of  the  figure  (see  table  III).  Figure  11  is  an  example  of  a  case  in 
which  the  predicted  V^  was  quite  good,  to  within  1  dB,  but  the  predicted  ve¬ 
hicular  line  had  a  large  error  in  slope.  Figure  12  is  a  case  in  which  both 
level  and  line  slope  were  predicted  with  reasonable  accuracy. 

2.3.3  Communication  System  Performance  Tests 

a.  Values  for  the  noise  parameters  were  referenced  back  to  their  levels 

at  the  RF  input  by  compensating  for  the  attenuator  settings  recorded  during 
these  tests.  This  enabled  the  plotting  of  AS  and  AI  versus  S/V  , 

S/Vv,  S/Vflv,  and  S/Vp  (S/V  in  dB  is  equal  to  S-V,  where  S  and  V  are  in  dB 

relative  to  the  same  reference)  referenced  to  the  RF  input  of  the  receivers. 
Noise  parameter  data  used  were  obtained  at  a  10-kHz  bandwidth  for  the  SSB 
system  (AN/GRC-106) ,  30  kHz  for  the  FM  (AN/VRC-12)  and  AM  (AN/ARC-51)  systems, 
and  300  kHz  for  the  FM/PCM  (AN/GRC-103)  system.  Table  V  lists  the  data  for 
each  frequency  and  bandwidth  considered,  and  figures  13  through  16  give  plots 
of  the  data.  In  the  data,  the  signal  (S)  and  noise  parameter  levels  are  in 
dB(pV)  at  the  receiver  input.  V  for  test  30  (no  vehicles)  is  the  computed 
value  of  the  ambient  component. 

b.  The  AS  and  AI  relationship  was  determined  for  each  receiver  by  means 
of  regression  and  by  use  of  the  following  Gompertz  (or  "growth")  function 

In  (-ln(AS)]  =  aQ  +  a1  (AI) 

where  AS  and  AI  are  expressed  as  decimal  fractions.  This  function  form  had 
been  found  in  previous  testing  to  pfovide  a  good  fit  to  the  AS-AI  data  (ref 
7).  A  second-order  regression  was  made  to  combine  the  results  from  all  com¬ 
munication  types.  The  results  are  shown  in  figure  17.  Figure  18  presents  the 
results  of  all  the  frequencies,  bandwidths,  and  vehicle  combinations  consid¬ 
ered  during  the  entire  test.  For  comparison  purposes,  figure  18  also  gives 
the  AS-AI  relationship  obtained  with  linearly  mixed,  white  Gaussian  noise. 


(Text  continued  on  page  3-1) 
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TABLE  V.  COMMUNICATION  SYSTEM  PERFORMANCE  RESULTS  FOR  SSB,  FM,  AM,  AND 
FM/PCM 


LINK 

■  SSB 

FREQ  - 

23  MHZ 

BANDWIDTH  -  10  KHZ 

TEST 

VEHS 

S 

A1 

AS 

VP 

VRMS 

VAV 

VV 

VA 

VO 

30 

0 

-14. 

0.280 

49.7 

7.1 

0.6 

0.4 

-0.3 

0.6 

0.2 

30 

0 

-12. 

0.409 

60.6 

7.  1 

0.6 

0.4 

-0.3 

0.6 

0.2 

30 

0 

-9. 

0.520 

74.6 

7.  J 

0.6 

0.4 

-0.3 

0.6 

0.2 

29 

1 

4. 

0.248 

26.8 

35.4 

11.5 

9.8 

7.4 

9.6 

1.8 

29 

1 

4. 

0.358 

35.0 

32.4 

8.5 

6.8 

4.4 

6.6 

1.8 

29 

1 

4. 

0.5J0 

79.5 

25.4 

1.5 

-0.2 

-2.6 

-0.4 

1.8 

15 

1 

-IB. 

0.240 

25.3 

11.6 

-10.5 

-II. 9 

-15.3 

-12.2 

1.5 

15 

1 

-13. 

0.360 

53.3 

II. 6 

-10.5 

-1  1  .9 

-15.3 

-12.2 

1.5 

(5 

1 

-8. 

0.496 

74.7 

11.6 

-10.5 

-11.9 

-15.3 

-12.2 

1.5 

21 

3 

-14. 

0.304 

58..S 

10.2 

-7.4 

-8.5 

-1 1 .9 

-8.9 

1.2 

21 

3 

-10. 

0.397 

67.7 

10.2 

-7.4 

-8.5 

-11  .9 

-8.9 

1.2 

21 

3 

-8. 

0.488 

77.7 

10.2 

-7.4 

-8.5 

-11.9 

-8.9 

1.2 

17 

6 

-7. 

0.307 

52.5 

13.3 

-5.0 

-7.  1 

-7.3 

-7.9 

2.1 

17 

6 

-5. 

0.396 

73.4 

13.3 

-5.0 

-7.1 

-7.3 

-7.9 

2.1 

17 

6 

-2. 

0.500 

85.4 

13.3 

-5.0 

-7.1 

-7.3 

-7.9 

2.1 

16 

12 

-6. 

0.293 

45.7 

21.8 

-1.8 

-4.9 

-2.7 

-6.9 

3.1 

16 

12 

-4. 

0.394 

80.6 

21.8 

-1.8 

-4.9 

-2.7 

-6.9 

3. 1 

16 

12 

-1  . 

0.492 

80.6 

21.8 

-1.8 

-4.9 

-2.7 

-6.9 

3.1 

LINK 

-  FM 

FREQ  * 

75  MHZ 

BANDWIDTH  »  30  KHZ 

TEST 

VEHS 

S 

Al 

AS 

VP 

VRMS 

VAV 

vv 

VA 

VD 

30 

0 

-6. 

0.302 

57.7 

-2.2 

-9.8 

-10.1 

-9.2 

-9.8 

0.3 

30 

0 

-4. 

0.405 

53.1 

-2.2 

-9.8 

-10.  1 

-9.2 

-9.8 

0.3 

30 

0 

-3. 

0.498 

74.0 

-2.2 

-9.B 

-10.1 

-9.2 

-9.8 

0.3 

29 

1 

6. 

0.238 

46.0 

30.  1 

10.5 

3.8 

8.0 

9.0 

i.7 

29 

1 

6. 

0.352 

61.5 

28.  1 

8.5 

6.8 

4.0 

7.0 

1./ 

29 

1 

6. 

8.520 

81.2 

26. 1 

6.5 

4.8 

2.0 

5.0 

1.7 

15 

1 

-17. 

0.265 

47.7 

3.7 

-9.4 

-12.5 

-12.5 

-12.4 

3.  1 

15 

1 

-15. 

3.347 

67.4 

3.7 

-9.4 

-12.5 

-12.5 

-12.4 

3.1 

15 

1 

-8. 

3.510 

85.3 

3.7 

-9.4 

-12.5 

-12.5 

-12.4 

3.1 

21 

3 

3. 

0.300 

38.3 

31.2 

4.5 

-5.3 

4.3 

-8.2 

9.9 

21 

3 

5. 

3.379 

65.3 

31.2 

4.5 

-5.3 

4.3 

-8.2 

9.9 

21 

3 

7. 

3.489 

77.0 

31.2 

4.5 

-5.3 

4.3 

-8.2 

9.9 

1  7 

6 

13. 

0.260 

25.4 

29.2 

4.8 

—3.6 

3.9 

-2.7 

5.4 

1  7 

6 

14. 

3.374 

57.7 

29.2 

4.8 

-0.6 

3.9 

-2.7 

5.4 

17 

6 

15. 

3.  485 

75.  1 

29.2 

4.8 

-0.6 

3.9 

-2.7 

5.4 

16 

12 

4, 

4.  307 

57.  1 

32.0 

6.9 

-2.3 

6.7 

-7.6 

9.1 

16 

12 

8. 

3.389 

66.9 

32.0 

6.9 

-2.3 

6.7 

-7.6 

9.1 

16 

12 

14. 

3.  498 

72.9 

32.0 

6.9 

-2.3 

6.7 

-7.6 

9.1 

LINK 

-  AM 

FREQ  • 

300  MHZ 

BANDWIDTH  •  30  KHZ 

TEST 

VEHS 

S 

Al 

AS 

VP 

VRMS 

VAV 

VV 

VA 

VD 

30 

0 

-7. 

0.307 

43.4 

-10.3 

-20.2 

-21.0. 

-21. 1 

-20.2 

0.8 

30 

0 

-5. 

0.397 

62.0 

-10.3 

-20.2 

-21.0 

-21.1 

-20.2 

0.8 

30 

0 

-2. 

0.497 

70.9 

-10.3 

-20.2 

-21.0. 

-21.1 

—20.2 

0.8 

29 

1 

5. 

0.265 

55.3 

39.4 

9.7 

2.4 

3.9 

1  .8 

7.3 

29 

1 

5. 

0.361 

76.7 

36.4 

6.7 

-0.6 

5.9 

-1.2 

7.3 

29 

1 

5. 

0.493 

84.6 

31.4 

1.7 

-5.6 

0.9 

-6.2 

7.3 

15 

1 

-8. 

0.235 

47.0 

16.4 

-10.1 

-17.4 

-10.2 

-18.  1 

7.3 

15 

1 

-4. 

0.362 

66.0 

16.4 

-10.1 

-17.4 

-10.2 

-18.1 

7.3 

15 

1 

4. 

0.516 

82.5 

16.4 

-10.1 

-1  7.4 

-10.2 

-18.  1 

7.3 

21 

3 

-7. 

0.JI3 

53.7 

19.  1 

-13.4 

-19.5 

-14.4 

-20.2 

6.  1 

21 

3 

-4. 

0.414 

69.7 

19.  1 

-13.4 

-19.5 

-14.4 

-20.2 

6.1 

21 

3 

-1. 

0.507 

81.3 

19.  1 

-13.4 

-19.5 

-14.4 

-20.2 

6.1 

17 

6 

-6. 

3.282 

44.8 

J  7.0 

-9.8 

-15.5 

-10.8 

-16.  7 

5.7 

1  7 

6 

-2. 

0.4(1 

63.  1 

17.0 

-9.8 

-15.5 

-10.8 

-16.7 

5.7 

1/ 

6 

1. 

0.  495 

75.7 

17.0 

-9.8 

-15.5 

-10.8 

-16.7 

5./ 

16 

12 

-5. 

3.290 

45.4 

1  7.8 

-7.8 

-15.5 

-8.3 

-1  7.7 

7.7 

16 

12 

-2. 

3.400 

61.7 

17.8 

-7.8 

-15.5 

-8.3 

-17.7 

7.7 

16 

12 

1. 

3.503 

70.2 

17.8 

-7.3 

-15.5 

-3.3 

-17.7 

7.7 
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TABLE  V.  COMMUNICATION  SYSTEM  PERFORMANCE  RESULTS  FOR  SSB,  FM,  AM,  AND 
FM/PCM  (CONT) 


LINK 

-  FM/PCM 

FREQ  - 

930  MHZ 

BANDWIDTH  »  303 

KHZ 

TEST 

VEHS 

S 

AI 

AS 

VP 

VRMS 

VAV 

VV 

VA 

VD 

3J 

0 

12. 

(3.576 

74.9 

1 .6 

-8.7 

-9.5 

-9.4 

-8.7 

0.8 

29 

1 

20. 

3.801 

91.1 

31.5 

8.0 

3.9 

6.0 

3.8 

4.1 

IS 

1 

12. 

0.  740 

85.5 

36.9 

-4.5 

-6.5 

-6.3 

-6.4 

2.0 

2 1 

3 

13. 

3.688 

93.3 

18.  1 

-8.0 

-9.2  -14.5 

-9.  1 

1  .2 

17 

6 

II. 

0.623 

89.3 

36.5 

-2.0 

-7.8 

-3.3 

-8.1 

5.8 

16 

12 

1 1 . 

3.480 

72.5 

31.2 

-5.7 

-a.i 

-5.7 

-8.0 

2.4 

LEGEND: 

LINK  »  Identifies  communication  system  tested 
FREQ  “  Operational  frequency 
BANDWIDTH  =  NATE  system  bandwidth 

TEST  *  Test  code  as  listed  in  table  III 
VEHS  »  Number  of  vehicles  tested 
AI  *  Articulation  index 
AS  ■  Articulation  score 
VP  ■  Vp  ■  Peak  noise  threshold  in  dB(pV) 
VRMS  ”  Vj-njg  “  rms  noise  value  dB(pV) 

VAV  ■  Vav  »  average  noise  value  dB(uV) 

W  »  Vehicular  noise  component  dB(pV) 

VA  «  Ambient  noise  component  dB(pV) 

VD  *  Logarithmic  difference  of  VRMS  and  VAV 
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performance  for  AH  (AN/ ARC-51)  link  showing  AS  versus  S-V^  for 
toise  conditions  at  300  MHz. 
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Figure  17,  AS  versus  AI  summary  plots  and  regression  approximations  for  four  operational  frequencies. 


Combined  AS  versus 
system  types . 


SECTION  3  -  MAJOR  RESULTS  OF  THE  ANALYSIS 


3.1  FUNCTIONAL  RELATIONSHIP  OF  V  ,  V  ,  AND  V  WITH  BANDWIDTH,  b 

p  av’  rms  ’ 

a.  A  regression  analysis  was  conducted  by  using  the  univariate  linear 
model,  Y  =  a^  +  a^  log  b  +  e,  to  determine  the  functional  relationship  of  mea¬ 
sured  V  ,  V  ,  and  V  noise  data  with  the  corresponding  IF  bandwidth  of  the 
p  av’  rms  Y  6 

noise  signal.  The  analyzed  vehicle  data  are  summarized  in  table  VI  for  a  95- 
percent  significance  criteria.  Data  on  the  vehicular  component  of  the  volt¬ 
age,  V  ,  and  the  ambient  voltage  component,  V  ,  are  listed  in  table  VII  for 

V  3 

comparison.  A  previous  report  (ref  1)  defined  parameters  and  showed  that  V^ 

varies  as  20  log  b;  whereas  V  varies  as  10  log  b.  The  ambient  and  vehicu- 

lar  components  (Vg  and  V^)  were  also  expected  to  vary  as  10  log  b.  Overall, 

these  expectations  were  substantiated  by  the  analysis  results  presented  in 
table  VI. 


b.  As  shown  in  table  VI,  large  variations  from  the  straight-line  esti¬ 
mate  and  relatively  small  correlation  coefficients  (i.e.,  r  =  0.24  and  0.34, 
respectively)  for  both  V^  and  at  the  23-MHz  test  frequency  tended  to  mask 

the  log  b  rule.  Only  two  values  of  bandwidth  were  tested  at  900  MHz.  This 
resulted  in  very  broad  confidence  limits  for  the  slope  of  the  straight-line 

estimates  for  V  and  V  . 

P  v 

c.  In  addition,  a  bivariate  regression  analysis  was  performed  by  using 
the  model,  Y  =  aQ  +  a^  log  f  +  log  b  +  e,  to  show  the  relationship  of  the 

selected  parameter  with  frequency  and  bandwidth.  The  regression  equations 

with  their  appropriate  estimates  are  summarized  in  table  VII  for  each  noise 

parameter  versus  log  f  and  log  b.  For  this  analysis,  the  noise  parameter  data 

were  referenced  to  the  field  strength  which  would  be  recorded  at  the  antenna. 

V  and  V  were  found  to  be  highly  correlated  to  the  ambient  noise  compo- 
av  rms  “  J  r 

nent  V  .  For  this  reason,  when  the  straight-line  approximation  for  the  APD  am- 

bient  region  had  a  nominal  Rayleigh  slope,  indicating  Gaussian  receiver  noise, 
no  attempt  was  made  to  reference  the  data  for  these  three  parameters  back  to 
field  strength. 

3.2  PREDICTING  MULTIPLE-VEHICLE  APD  CURVES  FROM  SINGLE -VEHICLE  DATA 

a.  Assuming  power  additivity,  the  vehicular  component  V  ,  given  in  terms 

of  dB(pV),  from  several  vehicles  should  be  the  sura  (in  mean-square  voltage  un¬ 
its)  of  the  individual  vehicle's  V^  components.  For  all  frequencies  except  23 

MHz,  different  antennas  were  used  in  the  single-  and  multiple-vehicle  tests. 

To  make  the  data  have  a  common  reference,  the  difference  in  antenna  gains  (A) 
was  subtracted  from  the  single-vehicle  values,  and  (myA/2)  was  added  to  the 

single-vehicle  Kv  values.  (Refer  to  app  3  for  detailed  description  of  the 
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X  •  log  b(  where  b  Is  the  bandwidth  of  the  IF  stage  In  the  NATE  receiving  system  (located  In  the 
apectrua  analyzer ,  see  fig.  2). 

The  values  given  by  the  regression,  in  dB(i>V),are  referenced  to  the  KF  Input  of  the  NATE  receiver. 

t -distribution  with  a  significance  level  equal  t'  95X  was  used  to  calculate  confidence  Halts  for 
slope  and  the  standard  error  (variability)  of  the  estimate  Y. 


Weibull  mv  and  Kv  parameters.)  The  parameter,  which  is  a  measure  of  the 

slope,  remains  unchanged;  and  the  measured  Vy  values  of  the  composite  were 

compared  with  the  corresponding  calculated  predicted  values.  The  Weibull  pa¬ 
rameters  my  and  of  the  predicted  composite  were  obtained  by  treating  the 

receiver  envelope  detection  as  essentially  picking  the  largest  of  independent 
signals  at  a  very  low  probability  (P  =  0.0001),  and  finding  m^  and  that 

gave  the  desired  rms  Vy  by  solving  the  implicit  equations  for  mv  and  K^: 

V  =  -  —  K  +  10  log  (T  (1  +  — )J 
v  m  v  ®  ‘  m 

v  v 

and 

Bp  =  pz  =  2-  10  log  r-ln(Pz)l  -  Kv 

where  K  =10  log,-  k  ,  and  m  are  the  Weibull  parameters,  and  P_  is  the 
v  “10  v’  v  r  Z 

multiple-vehicle  pivot  probability,  defined  in  appendix  3,  paragraph  3.1.4. 

b.  Figure  19  is  an  example  extract  of  a  computer  printout,  which  presents 
the  comparison  results  for  each  frequency.  In  the  example,  data  from  three 
vehicles  were  used  to  calculate  the  predicted  values  of  V  .  A  complete  set 

of  computer  printouts  for  all  these  tests  are  presented  in  appendix  3.  Error 
conditions  were  flagged  with  the  notations  indicated  by  the  legend.  Those  en¬ 
tries  without  flag  markings  on  a  "predicted"  line  are  considered  within  bounds 
and  represent  satisfactory  predictions.  As  illustrated  in  figure  19,  a  ♦+  flag 
on  a  predicted  line  is  always  paired  with  a  —  or  -  on  a  measured  line.  Total 
counts  for  all  the  various  tests  and  multiple-vehicle  configurations  are  sum¬ 
marized  in  table  VIII.  As  explained  in  appendix  3,  paragraph  3. 1.4.2,  data 
from  certain  tests  which  exhibited  gross  errors  were  discarded  in  constructing 
table  VIII.  Out  of  the  105  multipie-vehicle  tests  analyzed,  there  were  13 
cases  in  which  the  measured  values  of  V  differed  from  the  calculated  V  by 

V  V 

more  than  10  dB. 

c.  Figures  11,  12,  and  20  (see  app  3  for  additional  plots)  present  exam¬ 
ples  of  the  fitted  APD  data  for  the  multiple-vehicle  tests  and  the  individual 
contributing  single-vehicle  component  lines.  The  data  high-lighted  in  figure 
19  were  used  to  construct  figure  20.  Squares  are  used  to  indicate  the  predict¬ 
ed  composite.  The  measured  Vras  is  also  indicated  on  this  example.  Crosses 

on  the  single-vehicle  lines  mark  where  that  vehicle's  line  intersected  its  am¬ 
bient  line.  As  shown  in  figure  20  for  test  1,  frequency  2  (75  MHz)  and  band¬ 
width  3  =  30  kHz,  this  intersection  occurs  at  a  low  probability  value  and  a 
level  that  is  close  to  the  highest  voltage  threshold  level  observed  during  the 
test. 


3.3  COMMUNICATION  SYSTEM  PERFORMANCE 

a.  As  previously  mentioned,  tests  were  conducted  during  the  vehicle 
noise  measurements  to  determine  communication  system  performance  on  the  fol¬ 
lowing  : 
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MULTIPLE  VEHICLE  TEST  21 

FREQ 

«  23. 

MHZ  BN  - 

IN.  KH2 

< 

< 

X 

X 

V) 

ME  I  BULL  M 

10.0000  DB 

AT 

P-.0001, 

INTERSECT 

.  AT  P 

PLOT  LIME 

MEASURED* 

28.61 

0. 3075 

-1.507 

56.  10 

36.22 

0. 0245 

SOLID  LINE 

PREDICTED* 

J2.36 

0.5099 

-4.831 

56.91 

35. M 

0.0700 

SQUARES 

FROM  TEST 

1 

HO  DATA 

a 

29.28 

0.3926 

-1.528 

56.91 

36.12 

0.0273 

SHORT  DASH 

12 

29.51 

0.8710 

-10.993 

mm 

47.38 

35.29 

0.0663 

1MBB  M  MM  M  M 

DOTTED  LINE 

■■■■■MS ■■■ 

MULTIPLE  VEHICLE  TEST  21 

■■ 

FREQ  ■  75. 

MHZ  BN  - 

■■■■■■■■■■ 

3N.  KHZ 

VVRMS 

Util  BUM.  M 

JO.OG(K)  DU 

AT 

P-.0001 , 

INTERSECT 

.  AT  P 

PLOT  LIU: 

5  measured* 

♦ 

44.20 

0.2461 

0.361 

75.42 

35.  II 

0.0529 

SOL  in  LINE 

■  predicted* 

- 

39.  1 1 

0.2H51 

-0.2 7/ 

69.60 

35.14 

0.0512 

SOU ARES 

■  FROM  TuST 

i 

18.62 

0.49O8 

-1 .062 

43.62 

37.18 

0.0017 

LONG  DASH 

a 

38.24 

0.2345 

1 . 500 

69. 44 

35.72 

0. 0246 

SHORT  DASH 

12 

31.54 

■MM  MM 

0.3078 

0. 1  79 

61  .49 

35.72 

0.0249 

DOTTED  LINE 

mmMmmm^^BMI 

12 

■■WPS 

28.33 

0.  1938 

MBMN00  ID 

3.932 

58.93 

31.30 

0.0069 

■■■■■■■■ ■! 

DOTTED  LINE 

MULTIPLE  VEHICLE  TEST  21 

FREO 

•  300. 

MU.  BN  ■ 

3tm.  KHZ 

VVR4S 

WEIBULL  M 

I0LOCOO  DB 

AT 

P«.0'20l , 

INTERSECT 

AT  P 

PLOT  LINE 

MEASURED* 

- 

34 .  70 

0.  184  1 

3.6/1 

64.88 

35.  77 

0.0069 

SOLID  LINE 

PREDICTED* 

♦♦ 

44.83 

0.  1 4 62 

4.  452 

71.03 

35.84 

0.0061 

SOU ARES 

FHUM  TlST 

1 

a 

44.31  0.1376 

un  hat  a 

4.90/ 

68.81 

36.  16 

0.0041 

LONG  DASH 

12 

35.58 

0.1597 

4.55/ 

63.6/ 

36.22 

0.0039 

DOTTED  LINE 

MULTIPLE  VEHICLE  TEST  21 

FREQ 

•  900.  MHZ  BN  - 

3<M.  KHZ 

VVRMS 

NclBULL  M 

IflLOClO  DU 

AT 

P-.fWPH .  INTERSECT. 

AT  P 

PLOT  LINE 

MEASURED* 

_ 

18.47 

0.1849 

5.140 

48.  70 

31  .94 

0.0016 

SOL  10  LINE 

predicted* 

♦♦ 

36.24 

0.122/ 

6.172 

56.56 

31  .94 

0.0015 

SQUARES 

FROM  TEST 

1 

.35.97 

0.1160 

6.52V 

53.70 

32.21 

0.0010 

LUNG  DASH 

8 

NO  DATA 

2 

24.31 

0.1351 

6.305 

48.23 

32.38 

0.0007 

DOTTED  LINE 

LEGEND: 


Test  *  Type  of  test  as  found  In  table  III 
VVRMS  ■  Rms  value  of  the  vehicular  component 
WEIBULL  M  *  Weibull  parameter  value 
10  LOG(K)  ■  Kv  Weibull  parameter  value 
FREQ  ■  Test  measurement  frequency 
BW  «  Test  measurement  bandwidth 
DB  AT  P-.0001  -  Value  of  threshold  at  0.0001  (See  fig.  19 
for  example.) 

INTERSECT.  AT  P  -  Coordinate  values  for  the  intersection  of  the 
ambient  and  vehicular  regions  (See  fig.  19  for 
example.) 

The  meaning  of  the  flags  (+,  ++,  — )  is  as  follows: 

1.  On  a  "measured"  line,  the  measured  differed  from  for  a 

contributing  vehicle  by  between  5  and  10  dB  (single  sign)  or 
by  more  than  10  dB  (double  sign) . 

2.  On  a  "predicted"  line,  the  error  in  predicting  was 
between  5  and  10  dB  or  greater  than  10  dB,  respectively. 


Figure  19.  Example  extract  of  computer  printout  showing  results  of  compar 
ison  analysis  between  measured  and  predicted  Vv  values  for 
multiple  vehicles. 
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Figure  20.  Example  of  fitted  APD  for  multiple-vehicle  tests  with  individual  contributing 
single-vehicle  component  lines. 


Equipment  Communication  System  Type  Frequency  (MHz) 


AN/GRC-106  SSB 

AN/VRC-12  FM 

AN/ARC-51  AM 

AN/GRC-103  FM/PCM 


23 

75 

300 

900 


b.  The  system  performance  data  are  shown  on  figures  13  through  16.  An 
examination  of  the  plots  indicated  that,  for  the  SSB  system,  vehicular  noise 
shifted  the  AS  line  by  about  12  dB  to  higher  (S/V^^)  values.  For  the  FM,  AM, 

and  FM/PCM  system,  vehicular  noise  shifted  the  AS  lines,  generally,  to  lower 

(S/V  )  values, 
rms 

c.  This  anomalous  behavior  is  discussed  in  appendix  3,  paragraph  3.3, 

where  it  is  concluded  that  V  ,  and  indeed,  all  envelope  parameters  measured 

rms 

with  the  NATE  receiver  do  not  represent  the  signals  that  were  present  in  the 
communication  system.  Several  reasons  are  given. 

d.  The  FM/PCM  system  was  tested  only  at  a  signal  level  of  1  dB  above 
the  loss  of  synchronization.  This  was  done  because  even  1  dB  of  added  signal 
brought  the  system  up  to  essentially  clear-channel  operation. 

e.  Examination  of  the  S  level  required  for  a  given  level  of  performance 
(table  V,  all  tests  except  29)  reveals  that,  for  the  FM/PCM  system  (AN/GRC- 
103)  performance  is  strictly  a  function  of  signal  level.  Even  with  12  vehi¬ 
cles  there  is  no  significant  shift  in  the  signal  level  required  to  maintain 
synchronization.  The  same  is  true  for  the  SSB  system  (AN/GRC-106)  with  fewer 
than  6  vehicles.  It  appears  that  in  these  cases,  performance  is  determined 
by  the  test  receiver's  internal  noise  level,  rather  than  the  vehicular  noise. 
For  the  AM  system  (AN/ARC-51),  the  Al-versus-S  curves  fall  into  two  groupings. 
Tests  30  and  21  (0  and  3  vehicles)  are  essentially  identical,  and  tests  15, 
17,  and  16  (1,  6,  and  12  vehicles)  are  almost  identical.  V  appears  to  be 
the  determining  factor  for  the  AM  system. 

f.  The  data  for  the  FM  system  (AN/VRC-12)  shows  severe  degradation  in 

the  6-vehicle  test,  and  a  very  steep  slope  of  the  AS  versus  S/V  line.  The 

rms 

fit  for  test  30  (no  vehicles)  suggests  that  the  ambient  level  may  have  changed 

while  recording  the  AS  test  message  at  the  middle  signal  level.  A  plot  of  AI 

versus  S/V  is  much  more  consistent  for  the  no-vehicle  test,  and  displays 
rms 

the  steep  slope  generally  associated  with  FM  system  performance.  Generally, 
the  slope  decreases  as  the  interference  becomes  more  impulsive,  and  indeed, 
that  was  observed  in  the  tests  with  1  and  12  vehicles,  but  not  for  3  or  6  ve¬ 
hicles  . 
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APPENDIX  1  -  TEST  VEHICLES  AND  COMMUNICATION  SYSTEMS 


1.1  TYPES  OF  VEHICLES 

Commercial  vehicles  were  used,  because  military  vehicles  were  not 
available,  except  for  the  "Wheels"  truck,  which  is  a  commercial  vehicle 
adapted  for  military  usage. 

The  test  vehicles  were  powered  by  gasoline-fueled  internal  combustion 
engines.  Table  1-1  lists  the  vehicles  with  their  identification  numbers, 
number  of  cylinders,  year,  make,  model,  and  mileage.  As  indicated,  tests 
were  conducted  on  eight-,  six-,  and  four-cylinder  vehicles  from  various 
manufacturers.  The  first  vehicle  listed  is  the  "Wheels"  truck,  which  was 
previously  tested  and  used  for  comparison  purposes  (ref  4) . 

1.2  TYPES  OF  TACTICAL  COMMUNICATION  SYSTEMS 

Performance  tests  were  conducted  on  the  communication  systems  listed 
in  table  l-II.  These  systems  cover  the  frequency  range  from  20  to  1000 
MHz  and  use  various  forms  of  modulation/demodulation. 
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TABLE  l-II.  TACTICAL  COMMUNICATION  SYSTEMS  AND  CHARACTERISTICS 
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2.1  FIELD  INSTRUMENTATION  SETUP 

2.1.1  NATE  System  Description 

a.  The  Noise  Automatic  Test  Equipment  (NATE)  system  automatically  moni¬ 
tors  and  records  electromagnetic  environmental  noise  data.  The  system  is  in¬ 
stalled  in  a  van,  a  configuration  which  permits  the  system  to  be  easily  trans¬ 
ported  to  remote  test  sites. 

b.  The  overall  block  diagram  of  the  NATE  system  is  shown  in  figure  2  in 
the  main  body  of  the  report.  The  computer  control  portion  of  the  system  is  an 
HP-9845A  Desk  Top  Computer.  The  HP-9845A  also,  on  completion  of  the  APD  run, 
provides  a  tabular  and  graphical  printout  of  the  measured  data.  The  RF  receiver 
consists  of  a  balanced  mixer,  a  programmable  local  oscillator,  and  tunable  band¬ 
pass  filters  covering  the  frequency  range  10-1000  MHz.  The  spectrum  analyzer 

is  an  HP-8568A. 

c.  As  mentioned  above,  the  NATE  system  was  configured  for  the  specific 
purpose  of  the  collection  of  near  real  time  (NRT)  electromagnetic  environmen¬ 
tal  noise  data.  During  the  collection  process,  the  data  are  verified  and  re¬ 
corded  automatically  by  the  system.  This  is  done  through  the  use  of  prompting 
instructions  generated  by  a  computer  program  and  supplied  to  the  NATE  operator 
via  the  cathode  ray  tube  of  the  HP-9845A.  Figure  2-1  has  been  expanded  to  in¬ 
clude  the  component  items  of  NATE.  Table  2-1  is  a  listing  coded  to  figure  2-1 
of  these  components  with  manufacturer’s  model  numbers,  serial  numbers,  cali¬ 
bration  due  dates,  and  appropriate  remarks. 

2.1.2  System  Operation 

a.  The  NATE  system  is  sequenced  and  controlled  by  a  program  specifically 
designed  for  the  vehicle  noise  measurement  task.  The  program,  contained  on  a 
prerecorded  tape  cassette/disk,  is  called  VEHICL. 

b.  A  flow  diagram  of  the  noise  test  as  controlled  by  the  "VEHICL"  program 
is  shown  in  figure  2-2.  The  HP-9845A  as  employed  with  the  program  accomplished 
the  following: 

(1)  Using  the  prerecorded  tape  cassette/disk  program  as  a  source,  the 
program  was  read  into  the  computer  memory. 

(2)  The  test  operator  was.  prompted  to  select  tape  data  output  form 
required  and  to  designate  the  test  code. 

(3)  The  display  showed  the  test  parameters  for  the  particular  subtest 
code  under  investigation  and  prompted  the  test  operator  to  change  the  desired 
variable,  if  necessary  (initial  values  of  variables  are  assigned  by  the  computer 
according  to  the  test  code  selected).  Such  variables  are  vehicle  (or  vehicles) 
to  be  tested,  the  antenna  separation,  the  test  frequency,  and  the  required  RF 
bandwidth.  The  display  prompted  the  operator  to  switch  the  NATE  input  to  the 
calibrated  noise  source. 


(Text  continued  on  page  2-9) 
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(4)  The  operator  Initiated  the  noise  calibration  APD  test  and  the 
data  were  stored  in  the  computer.  The  noise  source  was  switched  off,  and  the 
NATE  input  was  terminated  in  its  characteristic  impedance. 

(5)  The  operator  initiated  the  system  noise  test,  and  the  data  were 
stored  in  the  computer.  The  input  termination  was  removed,  and  the  test  antenna 
was  automatically  connected. 

(6)  The  operator  initiated  the  ambient  noise  test  (vehicles  not  run¬ 
ning),  and  the  data  were  stored  in  the  computer. 

(7)  Operator  determined  from  test  plan  whether  AI/AS  tests  were  to 
be  run  on  one  of  the  communication  systems.  If  so,  the  communication  system 
was  started,  the  vehicle  (or  vehicles)  were  started,  and  the  AI/AS  tests  were 
made,  and  controllable  vehicular  noise  was  injected  into  the  communication  sys¬ 
tem.  The  received  audio  signals  were  recorded  for  AS  determination  by  crews 

of  trained  listeners. 

(8)  In  the  event  that  AI/AS  tests  were  not  conducted,  step  15  was 
not  performed  and  the  test  proceeded.  With  the  vehicles  running,  the  vehicular 
noise  test  was  initiated  by  the  test  operator  and  the  data  stored  in  the  com¬ 
puter  memory. 

(9)  The  complete  test  data  for  this  subtest  were  stored  for  later 
analysis  and/or  could  be  plotted  for  iuiuediate  analysis. 

2.2  CALIBRATION 

2.2.1  Introduction 


Calibration  tests  were  performed  on  the  NATE  system.  Three  types  of  tests 
were  conducted.  The  first,  the  noise  figure  test,  established  that  the  NATE 
receiver  was  functioning  as  planned.  The  second,  the  continuous  wave  (CW)  test, 
was  made  as  each  shift  of  testing  was  begun  and  demonstrated  that  the  NATE  sys¬ 
tem  was  functioning  uniformly.  The  third,  the  Gaussian  noise  calibration,  was 
made  as  part  of  each  vehicle  noise  test,  and  the  measured  value  was  printed  on 
each  data  sheet.  Calibrated  antennas  were  used  with  the  NATE  to  measure  the 
vehicular  noise. 

2.2.2  Description  of  Calibration  Tests 
a.  Noise  Figure  test 

This  test  was  conducted  to  determine  that  the  NATE  receiver  would 
perform  its  intended  function.  The  steps  in  the  measurement  are  as  follows: 

(1)  The  "Y-Factor"  method  shown  in  figure  2-3  was  used  to  provide 
noise  figure  (NF)  data  as  a  function  of  frequency  and  bandwidth. 

(2)  The  calibrated  Gaussian  noise  source  was  connected  directly  to 
the  NATE  receiver.  This  source  was  not  energized,  that  is,  operated  in  the 
"cold"  position. 
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Figure  2-3.  The  "Y  factor"  method  of  noise  figure  measurement. 


(3)  The  NATE  receiver  was  energized  and  tuned  to  23  MHz,  and  the 
resolution  bandwidth  and  video  bandwidth  of  the  spectrum  analyzer  were  set  to 
3  kHz. 

(4)  The  power  detector  was  set  to  a  convenient  reference  level. 

The  level  was  recorded. 

(5)  The  noise  source  was  energized. 

(6)  The  IF  attenuator  setting  was  increased  until  the  power  detec¬ 
tor  reference  point  was  reached.  The  value  of  the  noise  source  (35  dB)  minus 
the  value  of  the  IF  attenuator  setting  constituted  the  NATE  noise  figure  and 
was  recorded. 

(7)  Procedures  (1)  through  (6)  were  repeated  for  each  receiver  tuned 
frequency;  that  is,  75  MHz,  300  MHz,  and  900  MHz,  and  for  spectrum  analyzer  re¬ 
solution  and  video  bandwidths  as  shown  in  table  2-1. 

b .  Continuous-Wave  Test 


This  test  was  made  to  determine  that  the  NATE  system  performance  had 
not  deteriorated  during  the  previous  shift.  It  was  made  by  the  incoming  test 
crew. 

(1)  The  CW  source  was  located  in  the  NATE  van. 

(2)  The  CW  source  had  an  output  impedance  of  50  ohms  and  a  frequency 
range  of  10  MHz  to  1  GHz. 

(3)  A  fixed  level  (-110  dBm)  at  23  MHz  was  connected  to  the  NATE  an¬ 
tenna  terminal. 

(4)  The  spectrum  analyzer  was  set  to  10-kHz  bandwidth,  1-MHz  span, 
and  a  scan  trace  of  20  milliseconds. 

(5)  The  indicated  level  on  the  spectrum  analyzer  was  noted  and  com¬ 
pared  with  previous  readings. 

(6)  The  above  cycle  of  testing  was  repeated  for  75,  300,  and  900  MHz. 
c.  Gaussian  Noise  Calibration  , 


This  test  was  conducted  to  provide  an  individual  noise  calibration  for 
each  APD  noise  test. 

(1)  The  calibrated  noise  source  provided  an  excess  noise  ratio  (ENR) 

of  35  dB  relative  to  thermal  noise  at  290°  Kelvin  (ENR  *  35  dB  >  kT  b),  for  a 

o 

frequency  range  of  10  MHz  to  1.5  GHz,  with  the  output  flat  within  ±  0.5  dB. 

(2)  The  noise  source  was  connected  at  the  NATE  antenna  terminal  as 
shown  in  figure  2-1  at  the  start  of  vehicular  APD  test. 
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(3)  The  NATE  operational  frequency  and  bandwidth  were  selected  for 

the  previously  established  test  codes  (see  tables  II  and  III). 

(4)  Then  an  APD  test  was  conducted  and  the  calibrated  rms  noise  level 

was  measured  and  stored  in  the  computer  along  with  the  vehicular  noise  data. 

The  calibrated  noise  source  with  an  ENR  ■  35  dB  >  KTQb,  therefore,  provided  a 

measurement  reference  for  the  NATE  system  and  verified  accurate  system  operation. 

(5)  After  the  conclusion  of  the  APD  test,  the  data,  including  the 
calibrated  rms  noise  level,  were  printed  in  the  standard  format  shown  in  the 
example  of  figure  6  by  the  HP-9845' s  automatic  printer /plotter. 

(6)  The  calibrated  rms  noise  level,  as  measured  by  the  NATE  system, 

is  given  under  the  column  heading  Cal.  RMS.  As  shown  in  the  example  of  figure 
6,  the  value  measured  was  52.6  dB(yV).  Using  figure  7  and  noting  that  the  mea¬ 
sured  values  of  rms  voltages  as  stated  in  the  standard  formatted  table  (see 
figure  6)  include  a  IP  gain  factor  of  40  dB,  the  calibrated  noise  level  can  be 
verified  to  be  the  quantity  35  dB  >  KTQb.  Applying  figure  7  and  the  IF  gain 

factor  results  in  52.6  dB(yV)  -  40  dB  +  67  dB  -  10  log  (30  kHz)  2  35  dB  >  KTQb 

where  6  is  the  spectrum  analyzer  bandwidth  of  30  kHz. 

2.2.3  Description  of  Calibrated  Antennas 

Three  different  calibrated  antennas  were  used  in  the  vehicular  noise  tests. 
The  calibration  on  each  antenna  was  provided  by  the  manufacturer  documentation. 
The  antennas  are  shown  in  the  following  table  together  with  the  antenna  factors 
for  each.  The  antenna  factor  is  a  value  given  in  dB,  which,  when  added  to  the 
voltage  (in  dBV)  at  the  receiver  input  terminal,  will  provide  the  electric  field 
strength  at  the  antenna  in  dBV/m. 


Antenna 

Type 

Antenna  Factor 

23  MHz 

75  MHz 

300  MHz 

900  MHz 

Biconlcal 

11.6 

ggM 

N/A 

N/A 

Log  Periodic 

N/A 

22.4 

32.0 

Dipole 

N/A 

N/A 

17.9 

27.5 

N/A  ■  Not  used  at  this  frequency 


2.3  ARTICULATION  SCORING 

2.3.1  Scoring  of  Voice  Communications  Equipment 

a.  The  determination  of  the  performance  of  a  voice  communications  link 
requires  the  evaluation  (scoring)  of  the  audio  output  of  the  link  under  condi¬ 
tions  of  controlled  interference.  This  is  accomplished  by  monitoring  the  audio 
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output  to  determine  the  effect  of  various  signal-to-interference  ratios  (S/I) 
on  the  quality  of  this  output.  Two  types  of  scoring  are  generally  used  for 
this  type  of  analysis:  the  articulation  index  (AI) ,  which  is  a  numerical  out¬ 
put  from  an  electronic  analyzer;  and  the  articulation  score  (AS),  which  is  de¬ 
termined  by  a  human  operator. 

b.  AI  is  a  derived  measure  of  intelligibility  based  on  weighted  S/I  in 
several  audio  frequency  bands  of  equal  intelligibility  contribution.  AI  is 
measured  by  means  of  an  electronic  analyzer  that  outputs  a  score  from  0  to  1.0 
as  a  measure  of  the  quality  of  a  test  tone  sent  over  the  test  link.  If  no  de¬ 
gradation  to  the  test  tone  exists,  the  analyzer  assigns  an  AI  of  1.0;  and  if 
the  test  tone  is  completely  masked  by  interference,  the  analyzer  assigns  an  AI 
of  0.  The  AI,  monitored  and  recorded  during  the  conduct  of  the  test,  becomes 
a  record  of  the  effect  of  each  interference  condition  on  the  voice  link. 

c.  The  AS  is  a  measure  of  the  percentage  of  phonetically  balanced  words 
in  a  test  message  correctly  scored  by  a  team  of  trained  listeners.  In  prac¬ 
tice,  team  members  listen  and  respond  to  recordings  of  the  test  message  derived 
from  the  ouptut  of  a  test  link  into  which  Interference  has  been  introduced. 

Team  subjects  are  screened  to  eliminate  those  whose  hearings  characteristics 
are  nonrepresentative  of  the  norm  and  trained  on  a  series  of  tape  messages  for 
which  standardized  scores  exist.  The  purpose  of  this  training  is  to  "calibrate" 
the  response  of  each  team  member.  Phonetically  balanced  words  are  used  in  the 
test  message  so  as  to  be  representative  of  English  language  sounds.  The  test 
message,  consisting  of  word-group  recordings,  each  containing  50  monosyllabic 
words  per  group  mixed  with  interfering  signals,  is  played  to  the  listeners  and 
their  response  is  observed.  Upon  hearing  a  word,  each  listener  presses  a  but¬ 
ton  on  his  console  corresponding  to  the  word  he  thinks  he  hears.  After  all 
listeners  have  responded,  the  responses  are  automatically  recorded  on  punch 
cards  for  subsequent  computer  processing.  The  final  result  is  the  AS.  The 
system  insures  against  the  memorizing  of  word  lists  by  using  each  team  member 
for  only  short  periods  of  time  with  at  least  a  year  between  each  period  of  duty. 
The  system  provides  for  the  evaluation  of  test  links  under  closed-link  condi¬ 
tions  in  a  workshop,  or  recordings  taken  at  remote  sites  under  field  conditions 
may  be  evaluated  at  the  listener  facility. 


d.  For  communications  equipment  that  has  no  previous  testing  history,  it 
may  be  necessary  to  establish  a  correlation  between  the  AI  and  AS  values.  This 
correlation  provides  a  check  of  the  performance  of  the  equipment,  in  terms  of 
effect  on  a  human  operator's  understanding,  at  various  AI  and  S/I  levels.  To 
accomplish  this,  tape  records  at  specific  S/I  levels  are  scored  by  listener 
teams  to  obtain  the  corresponding  AS  values.  It  has  been  found  that  an  AI 
score  of  0.3  generally  represents  50-percent  intelligibility  (AS),  and  an  AI 
score  of  0.7  represents  a  signal  that  is  nearly  100-percent  intelligible. 


2.3.2  Voice  Interference Analysis  System 


a.  The  Voice  Interference  Analysis  System  (VIAS)  provides  an  automated 
means  of  scoring  analog  (voice)  communications  links  by  electronic  measurement 
techniques.  The  output  of  the  VIAS  is  a  numerical  value  called  articulation 
index.  The  articulation  index  is  directly  correlatable  to  the  articulation 
scores  obtained  by  trained  listeners  in  the  Scoring  Facility. 
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b.  In  the  VIAS  method  of  computation,  the  speech  frequency  spectra  be¬ 
tween  200  and  6100  Hz  are  divided  into  14  equally  contributing  bands.  The 
signal-to-noise  ratio  (S/N)  in  each  band  is  determined.  This  ratio  is  expres¬ 
sed  log-arithmically  on  a  scale  where  unity  (fully  contributing  to  speech  in¬ 
telligibility)  corresponds  to  an  S/N  of  18  dB.  Ratios  above  or  below  these 
values  are  rated  as  unity  or  zero,  respectively.  The  individual  band  contri¬ 
butions  are  summed  and  divided  by  14.  The  result  is  the  articulation  index. 
Speech  power  in  any  given  band  contributes  as  much  to  the  total  articulation 
index  as  the  speech  power  in  any  other  band.  The  bandwidth  of  each  of  the  14 
bands  is  carefully  chosen  to  permit  the  articulation  index  calculation  to  be 
made. 

c.  No  speech  is  actually  transmitted  in  the  VIAS.  Instead,  a  modulated 
pilot  tone  located  near  the  peak  of  the  normal  speech  spectrum  is  used  to  pro¬ 
vide  a  reference  level.  Because  the  shape  of  the  speech  spectrum  is  known,  the 
levels  of  speech  can  be  directly  inferred  for  the  machine  calculation. 

d.  Initially,  the  set-level  tone  (an  unmodulated  950-Hz  tone)  is  adjusted 
to  the  audio  level  at  the  input  to  the  transmitter-to-receiver,  voice-modulated 
ratio  link  under  test.  The  standard  VIAS  test  signal  is  then  applied  for  system 
measurement.  The  operate  signal,  a  950-Hz  tone  triangularly  amplituded-modula- 
ted  at  5  Hz,  modulates  the  transmitter.  The  average  output  level  of  the  opera¬ 
ting  waveform  corresponds  to  the  average  power  of  the  speech  waveform.  The  out¬ 
put  voltage  of  a  receiver  under  test  includes  components  of  the  pilot  tone  which 
represent  the  speech  output  and  noise  components  related  to  the  interference. 

e.  A  filter  then  separates  the  pilot  tone  components  from  the  noise  com¬ 
ponents.  The  tone  provides  a  slowly  varying  direct  current  which  controls  the 
gain  of  the  log  amplifier.  Because  the  950-Hz  pilot  tone  has  been  removed  by 
filtering,  the  actual  output  of  the  log  amplifier  is  the  noise  component  of  the 
received  signal.  The  gain  of  the  amplifier  is  being  controlled  by  the  950-Hz 
reference,  and  therefore  the  noise  amplitude  is  proportional  to  the  signal-to- 
noise  ratio. 

f.  Two  shaping  networks  weigh  the  frequency  distribution  of  the  noise  in 
a  manner  inversely  proportional  to  the  method  used  with  the  normal  speech  spec¬ 
trum.  Thus,  at  this  point  in  the  system,  the  noise  spectrum  level  at  any  fre¬ 
quency  is  made  proportional  to  the  noise-to-speech  ratio  for  the  same  frequency 
at  the  input  to  the  system  under  test. 

2.4  AMPLITUDE  PROBABILITY  DETECTOR  • 

a.  The  amplitude  probability  detector  is  an  instrument  that  provides  the 

following  statistical  data:  amplitude  probability  distribution  (APD) ,  average 

crossing  rate  (ACR),  average  voltage  (V  ),  and  root -mean-square  voltage  (V _ ) 

av  rms 

of  an  input  signal  waveform.  The  operational  modes  of  the  instrument  are:  (a) 
a  manual  mode,  which  permits  measurements  of  a  threshold  level  corresponding  to 
a  single  preset  probability;  (b)  an  automatic  mode,  which  sequentially  measures 
the  levels  for  all  preset  probabilities;  and  (c)  a  remote  mode,  which  permits 
total  remote  control  and  automatic  data  retrieval.  The  instrument  has  an  in¬ 
ternal  calibrator  with  an  upper  and  lower  point  that  references  the  amplitude 
scale  in  dB  to  input  signal  level  range  (window). 


J 


b.  The  prinicipal  function  of  the  amplitude  probability  detector  is  to 
provide  the  APD  of  an  input  signal  waveform.  This  is  done  by  determining 
whether  the  waveform  exceeds  some  threshold  level  with  a  selected  probability 
for  some  test  time.  The  instrument  functions  through  the  use  of  a  threshold 
level  generator,  a  threshold  detector,  two  pulse  trains,  and  an  up/down  counter. 
Test  time  can  be  set  to  0.5,  1,  or  5  seconds.  The  probability  levels  which  can 
be  selected  are  0.0001,  0.0005,  0.001,  0.01,  0.02,  0.05,  0.1,  0.2,  0.3,  and  0.4. 
The  instrument  measures  the  threshold  level  for  a  specific  probability  within  a 
voltage  window  established  during  the  self-calibration  cycle.  This  window  can 
be  adjusted  so  that  there  is  a  prescribed  number  of  levels  within  the  window; 
for  example,  100  levels  in  the  0-  to  1-volt  range.  When  the  test  cycle  is  ini¬ 
tiated,  the  probability  function  in  the  amplitude  probability  detector  is  set 
either  automatically  or  manually  to  any  one  of  the  ten  values  specified  in  the 
preceding.  The  device  will  then,  beginning  at  the  upper  calibration -point ,  and 
under  software  control,  cause  this  level  to  decrease  sequentially  while  sampl¬ 
ing  the  input  signal.  This  process  will  continue  until  the  probability  level 
matches  the  preset  probability  (frequency  of  occurrence)  associated  with  some 
level  of  the  input  signal. 

c.  The  instrument  also  measures  the  ACR  by  determining  the  average  number 
of  positive  crossings  of  an  input  signal  with  respect  to  a  given  threshold  dur¬ 
ing  the  test  time.  In  addition  to  measuring  APD  and  ACR,  another  set  of  cir¬ 
cuits  samples  and  digitizes  the  input  signal  waveform.  The  digital  represen¬ 
tation  is  then  used  to  calculate  the  V  and  V  of  the  waveform. 

av  rms 
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APPENDIX  3  -  DATA  ANALYSIS  AND  RESULTS 


3.1  WEIBULL  DISTRIBUTION  AS  APPLIED  TO  VEHICULAR  NOISE  DATA 

3.1.1  Basic  Relationships 

The  raw  data  plots  of  the  amplitude  probability  distribution  (APD)  function 
(see  appendix  5)  showed  that  two  straight  lines  could  be  fitted  very  closely  to 
the  data  when  the  threshold  envelope  level,  in  dB  re  rms,  was  plotted  against  an 
X-axis  proportional  to  -log  [-In  (Probability)]  .  These  findings  were  expected, 
based  on  prior  test  results  (ref  6).  Such  a  straight  line  fit  implies  that, 
within  a  region  of  applicability, 

R  =  a  (-log  [-In  P(R)A  +  b  (3-1) 


where  R  is  the  threshold  level  in  dB(pV)  at  an  exceedance  probability  P(R) , 
with  a  as  the  slope  of  the  line  and  b  as  the  intercept.  If  we  define 

r  =  threshold  envelope  level  in  mV 

=  _  20 
m 


b  =  aK/10 
with  K  =  10  log  k 

2 

then  R  *  20  log  r  *  10  log  r 

=  -  [10  log  (-In  P)  -  K]  [dB(MV)  (3-2) 

m 

or  10  log  [-In  P (R) ]  -  |  R  +  K  =  10  log  [k(r2)m/2]  (3-3) 

thus  -In  P(r)  *  krm 

and  P(r)  *  expj-krm|  (3-4) 

If  the  APD  plot  consists  of  but  one  straight  line,  so  that  the  equation 
is  good  for  all  r  ^  0,  then  the  probability  density  function  of  r  is  given  by: 

P  (r)  -  -  (r  >  0) 
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(r  >  0) 


(3-5) 


*=  kmr0-^  exp  j  -  krm  | 


This  is  a  well-known  form,  called  the  Weibull  probability  density  function  with 
parameters  m  and  k.  It  has  several  interesting  properties.  For  example,  if  m 

*  2  and  k  is  redefined  as  (2a2)  \  then 


Pr  (r) 


(3-6) 


which  is  known  as  the  Rayleigh  probability  density  function.  The  moments  of 
the  distribution  also  have  an  interesting  property.  The  n  moment  is  given  by 


oo 

E[rn]  =  J  tn  p(r)dr 
o 


oo 

=  /  rnkmrm  1  exp  j -krm  |  dr 


(3-7) 


If  we  let 


t  =  r 


m 


dt 


m-1  , 
mr  dr 


then 


n/m 


and 


00 

E[rn]  »  k  J  tn/m  exp  | -kt  | 


dt 


(3-8) 


With 


z  *  1  +  n/m, 


E[r  ]  -  k 


-n/m  ^ ,  z 


■  -n/m 


oe 

I 


r  (z) 


z-l 


exp  [— kt ]  dt 


I 


,  -n/m 


r  a  +  5> 

m 


(3-9) 


3-4 


l 


where  T( •)  is  the  gannna  function. 


Taking  10  times  the  log  of  both  sides  gives 


10  log  E[rn]  -  -  -  K  +  10  log  [ 
m  l 

’r«  ♦  ;>] 

(3-10) 

Of  special  interest  is  the  case  where  n  ■  2. 
value  in  dB  terms  is: 

Then  the  mean  squared  envelope 

10  log  ^E[r2]^  -  -  ^  K  +  10  log  j 

<nTh 

+ 

1  _ 1 

(3-11) 

and  since 

A  20  log  (E[t2])1/2 

(3-12) 

v  -  -  -  k  +  io  log  Fr(i  +  -)1 

rms  m  L  m  J 

[dB(pV) ] 

(3-13) 

The  threshold  level  in  dB  re  rms  for  a  given  probability  P  is  given  by 
[combining  equations  3-2  and  3-13] : 


R  -  v™>  ’  ^ 108  [-1" p]  -  10  1o*  [r<1  +  ;>]  «-14> 


Equations  3-2,  3-13,  and  3-14  are  very  important  when  applying  the  Weibull 
distribution  to  vehicular  noise  data,  as  in  this  study.  Equation  3-2  is  easy  to 
solve  with  a  hand  calculator,  but  3-13  and  3-14  involve  the  gamma  function,  which 
is  difficult  to  work  with  without  a  computer.  Therefore,  nomograms  of  these  lat¬ 
ter  equations  are  provided  in  figures  3-1  and  3-2. 

3.1.2  Separating  APD  Plots  into  Vehicular  and  Ambient  Components 

A  receiver  always  has  a  background  level  of  receiver  noise.  When  the  re¬ 
ceiver  is  connected  to  an  antenna,  the  signal  in  the  IF  becomes  the  sum  of  re¬ 
ceiver  noise  and  whatever  other  signals  may  be  present.  The  envelope  of  the 
IF  signal  is  a  composite  of  the  various  signals  and  internal  receiver  noise. 

In  this  study,  we  use  the  adjective  ambient  to  describe  the  composite  envelope 
signal  when  no  test  vehicle  is  turned  on.  Thus,  the  ambient  signal  is  receiver 
noise  plus  whatever  other  man-made,  atmospheric,  or  galactic  noise  may  be  pre¬ 
sent.  If  receiver  noise  dominates  over  the  other  ambient  noises,  the  ambient 
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noise  is  Gaussian;  if  the  converse  is  the  case,  the  ambient  may  be  very  non- 
Gaussian.  The  latter  was  found  to  be  the  case  in  many  tests  of  this  study. 

If  vehicular  noise  is  present,  it  provides  an  added  component  to  the  IF  signal. 

If  the  receiver  is  operating  linearly,  these  various  components  are  additive 
in  a  mean-square  sense.  That  is,  the  mean-square  composite  signal  equals  the 
sum  of  the  mean-square  value  of  the  various  components. 

In  nearly  every  case,  the  APD  plots  of  this  study  showed  a  very  sharp  trans¬ 
ition  in  slope  when  vehicular  noise  was  present.  This  suggested  the  possibility 
of  assigning  the  higher  level,  low-probability  portion  of  the  plot  entirely  to 
the  vehicular  component  and  the  lower  level,  high-probability  portion  entirely 
to  the  ambient.  See  figure  3-3  for  a  sample  plot.  In  the  figure,  piecewise 
linear  regression  techniques  have  been  used  to  fit  the  straight  lines,  which, 
as  discussed  in  3.1.1  above,  imply  Weibull  m  and  k  parameters.  In  the  example 
shown. 


m  *  1.763 
a 


K  =  10  log  k  =  -  20.08 
a  a 


m  -  0.258 
v 


K  *  10  log  k  -  1.706 

v  ®  v 


where  a  and  v  subscripts  are  used  to  indicate  applicability  to  the  ambient  and 
vehicular  regions. 


From  the  two  sets  of  m  and  k  values,  equation  3-13  was  used  to  calculate 
hypothetical  envelope  rms  components  and  V^.  The  values  are  hypothetical, 

because  the  actual  envelope  is  due  to  a  nonlinear  composite  of  the  ambient  and 
vehicular  IF  components.  However,  these  hypothetical  components  imply  ambient 
and  vehicular  mean-square  levels  in  the  IF,  because  the  mean-square  envelope 
value  is  twice  the  mean-square  value  of  the  IF  for  an  ideal,  0-dB  gain  envelope 
detector.  The  proof  of  this  follows  easily  from 


VIF  (t)  "  E 


E  r2(t)  cos 2 1  w__t  +  <p(t) 


("fft  +  *(t))] 

£l+  cos  ^2 


1 1+  cos  (2  wIf,t  +  2ij>(t)J 


(3-15) 


jdM 

2 

where  r(t)  *  envelope  function 
<ji(t)  ■  phase  function 


It  follows,  therefore,  that  V ^  of  the  composite  envelope  should  be  given. 


to  a  close  approximation,  by 

Vrms  "  20  Log  [Etr2j]  1/2  "  10  l0«  [eU23] 
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V  /10  V  /10 

V  -  20  log  v  -  10  log  10  a  +  10  V 
rms  rms 


(3-16) 


where  v 

rms 


Is  the  composite  envelope  root  mean  square  In  microvolts. 


The  equation  Is  only  approximate  because: 

(1)  There  Is  undoubtedly  some  interaction  between  the  vehicular  and  am¬ 
bient  components  near  the  region  of  intersection  on  the  APD  plots,  and 

(2)  at  very  high  levels  (low  probabilities)  the  APD  curve  must  bend  over 
from  the  straight  line  of  the  Weibull  fit. 

Factor  2  can  be  very  important  and  lead  to  significant  errors  when  m  is 
very  small.  This  can  be  seen  from  the  nomogram  in  figure  3-2,  which  shows 
that  for  m  <  0.09  the  bulk  of  the  rms  noise  is  provided  by  noise  levels  at  pro¬ 
bability  levels  below  0.0001. 


A  full  set  of  m  ,  K  ,  V  ,  m  ,  K  ,  and  V  values  fitted  to  the  test  data  is 
a  a’  a  v  v  v 

given  in  section  3-4.  In  the  table,  the  "raw  data  fit"  values  are  given  on  the 
first  of  two  paired  lines.  The  second  line,  the  "adjusted"  line,  has  values 
after  the  process  of  pivoting  has  been  applied  (see  para  3.1.3,  following).  The 
table  entries  on  the  first  line  under  the  heading  "VTRMS"  are  the  measured  V 

rms 

values  in  dB(uV).  Also  given  are  the  threshold  level  and  probability  at  the 
point  where  the  lines  intersect.  Asterisks  beside  a  ^Tms  entry  indicate  that 

the  measured  V  was  less  than  V  .  This  represents  an  error  case.  In  all 
rms  a 

cases  where  this  occurred,  the  amount  of  error  was  within  reasonable  tolerances 
for  experimental  error  for  the  two  ways  of  measuring  levels  in  the  APD  analyzer. 
A  value  of  ma  ■  999.99  is  used  to  flag  cases  where  the  slope  of  the  ambient  line 

was  zero,  implying  an  infinite  value  of  m. 

The  point  of  intersection  of  the  vehicular  and  ambient  lines  is  found  as 
follows: 

Let  X  -  -  10  log  (-In  P)  (3-17) 

so  that  X  is  proportional  to  linear  distance  along  the  X-axis  of  the  APD 
plot.  Then  by  equation  3-2,  intersection  occurs  when 


(XT  +  K  ) 
m  la 
a 


-f  (xi  + 

V 


K  ) 
v 


(3-18) 
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Figure  3-3.  APD  versus  probability. 
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Figure  3-4.  Example  of  pivoting  APD  lines. 


where  the  I  subscript  refers  to  values  at  the  point  of  intersection. 
Solving  for  X^  gives: 


Km  -Km 
a  v  v  a 


m  - 
a 


m 


(3-19) 


whereupon  can  be  found  from  equation  3-18.  The  probability  at  inter¬ 
section  is,  from  equation  3-17, 


(3-20) 


The  m  and  K  values  in  this  report  were  determined  by  least-squared  regres¬ 
sion  equations.  However,  "eyeball"  fits  of  straight  lines  to  APD  data  can  be 
used  to  provide  reasonably  good  estimates  of  m  and  K  by  the  following  simpli¬ 
fied  technique  [which  is  easily  derived  from  equation  3-2] : 

1.  Plot  threshold  levels  in  dB(pV)  versus  probability,  where  the  P  axis 
is  scaled  by  X  ■  -  10  log  (-In  P),  as  seen  in  the  figures  of  this 
appendix. 

2.  Using  engineering  judgment,  draw  straight-line  approximations  to  the 
ambient  and  vehicular  regions. 

3.  Pick  two  points,  (P^,  R^)  and  (P^,  R£)»  on  each  segment. 

4.  Estimate  each  segment's  m  and  K  parameters  by: 


20  [log  (-In  P  )  -  log  (-In  P,) ] 

- - - —  (3-21) 

l  R2 


K  -  -  |  Rx  +  10  log  («-ln  VJ  (3-22) 


5.  Then,  if  Welbull  parameter  K  is  desired: 

k  -  10K/1°  (3-23) 


(But  the  logarithmic  parameter  k  is  usually  easier  to  work  with.) 


exp  7-10 


-Xj/10 
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3.1.3 


Pivoting  the  APD  Component  Lines 

The  m  and  K  values  estimated  from  measured  data  are  obviously  subject  to 
some  error.  If  we  make  use  of  available  a  priori  knowledge,  we  should  be  able, 
in  some  cases,  to  come  up  with  better  estimates  than  those  provided  by  least- 
squared  error  regression  techniques.  As  a  case  in  point,  it  is  well  known  that 
Gaussian  noise  at  IF  yields  a  Rayleigh  distributed  envelope  function,  which,  as 
stated  in  equation  3-6,  is  a  Veibull  distribution  with  parameter  m  *  2.  Since 
receiver  noise  is  Gaussian,  one  would  expect  that  at  higher  frequencies,  where 
man-made  noise  (other  than  measured  vehicular  noise)  on  a  clear  channel  and  at¬ 
mospheric  noise  are  negligible,  the  Gaussian  case,  with  a  Rayleigh  "slope  param¬ 
eter"  of  ma  *  2,  should  predominate. 

Using  the  above  rationale,  ambient  component  APD  lines  with  m  ss  2  were 

a 

adjusted  to  yield  lines  that  had  a  "Rayleigh  slope,"  i.e.,  m  •  2.  Note  that 

3 

the  actual  slope  of  level  R  versus  X  ■  -10  log  (-In  P)  is  -2/ma  (see  equation 
3-2).  To  ensure  that  changing  m^  from  the  value  determined  by  the  least-squared 
error  fit  to  measured  data  to  m  *2  did  not  grossly  contradict  the  measured 

3 

results,  two  criteria  were  employed: 

(1)  The  measured  slope  had  to  be  within  20  percent  of  the  Rayleigh  slope, 
i.e. ,  -  2/m  ■  -  1  ±  0.2, 

3 

(2)  the  altered  line  had  to  pass  through  the  midpoint  of  the  data  over 
which  the  least-squared  regression  line  was  estimated,  i.e.,  at  a  point  on  the 
X  axis  of  Xp  ■  0.5  [Xj  -  10  log  (-In  0.4)]  where,  as  above,  X^  is  the  inter¬ 
section  of  the  vehicular  and  ambient  lines. 

With  some  thought,  it  is  apparent  that  the  altering  of  m  to  the  Rayleigh 

case  of  m  *  2  means  pivoting  the  ambient  line  on  the  APD  plot  about  the  point 
3 

(R  ,  X  ) ,  where  X  is  as  given  above  and  R  is  the  threshold  level  predicted 
P  P  P  P 

from  a  least-squared  error  linear  regression  of  the  measured  data,  with  R 
given  by  equation  3-2:  ** 


R 

P 


-  (X  +  K  ) 
m  p  a 

a  r 


(3-24) 


An  example  of  the  pivoting  process  may  be  seen  in  figure  3-4.  The  figure 
is  for  example  only,  because  the  slope  of  the  ambient  line  differs  greatly  from 
the  Rayleigh  slope. 

Vehicular  component  APD  lines  were  similarly  pivoted,  based  on  the  a  priori 
knowledge  of  the  measured  mean-squared  composite  value,  and  the  deduced  ambient 
component — again  with  certain  restrictions,  so  that  measured  data  would  not  be 
grossly  violated.  The  a  priori  knowledge  is  that 
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which  follows  directly  from  the  property  of  additivity  (in  a  mean-squared  volt¬ 
age  sense)  of  vehicular  and  ambient  components  in  the  IF  (equation  3-16). 


The  prime  on  is  used  to  indicate  the  theoretical  value,  based  on  the 

measured  composite  V  and  the  deduced  ambient  component.  New  values  of  m 
rms  v 

and  Kv  were  sought  which  would  make  V^,  given  by  equation  3-13,  equal  to 
and  have  the  APD  line  pass  through  the  point  (X^,  R  ) » 

where : 


pv 


0.5  -  10  log  (-In  0.0001)J 


(3-26) 


R  -  -  -  (X  +  K  ) 
pv  m^  pv  v 


(3-27) 


Once  again,  the  amount  of  pivoting  was  restricted  to  a  20-percent  maximum 
change  in  slope,  and  was  only  done  when  ^rmB  exceeded  by  at  least  1  dB,  so 

that  a  reasonably  good  estimate  of  could  be  made. 

The  pivoting  process  was  implemented  by  solving  the  error  equation: 


E  -  R  -  V'  +  -  X  +  10  log  T(1  +  -  )  a  0  (3-28) 

pv  v  m^  pv  L  mv  J 


(c.f.  equation  3-14)  for  to^  by  Regula  Falsi  techniques.  As  may  be  seen  from 

the  nomogram  in  figure  3-2,  such  an  m^  may  be  impossible  to  find  for  certain 

values  of  (R  -  V')  and  X  .  In  such  cases,  the  m  selected  was  that  which 
pv  v  pv  v 

gave  the  smallest  error. 

An  example  of  the  pivoting  process  is  given  in  figure  3-4.  Results  of 

the  pivoting  process  are  given  in  section  3.4,  on  the  line  labeled  "adjusted.” 

On  that  line,  entries  in  the  column  labeled  "VTRMS"  are  predicted  values  of 

V  ,  based  on  the  computed  V  and  V  component  values.  An  R  next  to  a  value 
rms  v  a 

of  m  flags  cases  where  the  ambient  line  was  pivoted  to  a  Rayleigh  slope,  and 

a  +  or  -  sign  next  to  an  adjusted  V  value  flags  cases  where  predicted  and 

nos 


measured  results  differed  by  more  than  3  dB.  Two  plus  signs  flag  cases  where 
the  error  was  more  than  6  dB. 

Plots  of  the  data  are  given  in  section  3.5  for  those  cases  where  predicted 

and  measured  V  differed  by  more  than  3  dB. 
rms 

3.1.4  Multiple-Vehicle  APD  Prediction 

3. 1.4.1  Theoretical  Considerations 


When  a  receiver  has  noise  from  two  or  more  vehicles,  it  is  reasonable 
to  assume  that  the  mean-squared  IF  signal  of  the  combination  is  the  sum  of  the 
mean-squared  components  of  the  individual  vehicles.  This  implies  additivity  of 
the  mean-squared  envelope  components: 


where 


vl,n 


10  log 


£ 


10 


V  ./10 
vi 


(3-29) 


V  ”  vehicular  component  for  vehicle  i  in  dB(pV) 


V  *  vehicular  component  for  the  combination  of  n 
v  ,n  vehicles  in  dB(uV) 


If  we  are  Interested  in  the  amplitude  distribution  function  for  the  com¬ 
bination  of  vehicles,  the  problem  becomes  very  difficult  because  of  the  non¬ 
linearity  of  the  detector.  Three  different  methods  were  tried  to  develop  the 
distribution  of  the  sum  of  vehicular  components.  The  first  was  to  approximate 
the  envelop  detector  response  as  taking  the  sum  of  the  individual  component 
envelopes.  This  yields  the  convolution  integral,  which  for  two  vehicles  gives: 


Px  (r)  p2  (z  -  r)  dr  (3-30) 


p^(r^)  ■  density  function  of  the  envelope  for  vehicle  1 


ro 


where 
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p2^r2^  *  density  function  of  the  envelope  for  vehicle  2 


pg(z)  ”  density  function  of  z  * 


Due  to  the  high  dynamic  range  of  the  Weibull  variates,  this  is  a  difficult 
convolution  to  perform  on  a  digital  computer,  requiring  very  small  intervals 
and  very  many  calculations  for  even  the  two-variate  case.  And  the  accuracy  is 
not  good,  because  the  mean-square  of  z  will  not  be  equal  to  the  sum  of  the  mean 
squares  of  r^  and  .  * 

A  second  approach  was  to  model  the  detector  as  simply  taking  the  largest 
of  independent  Weibull  variates: 


z 


max 


r2 


•r 

n 


> 


This  yields  an  easily  computed  form  for  the  exceedance  probability  of  z  (ref  8): 

n 

pz(z)  -  i  -  n 

i-l 

Due  to  the  low  duty  cycle  of  vehicular  noise,  it  is  unlikely  that  noise 
pulses  will  significantly  overlap  unless  several  approximately  equally  noisy 
vehicle  signals  are  present  simultaneously.  This  is  highly  unlikely  to  occur, 
so  equation  3-31  would  seem  to  be  a  reasonable  approximation  for  many  applica¬ 
tions.  It  is  very  difficult,  however,  to  determine  the  mean-squared  value  of 
z  from  equation  3-31,  to  see  how  much  error  accrues  from  the  approximation. 

Examination  of  APD  plots  for  multiple-vehicle  tests  (see  app  5,  test  codes 
16-24)  showed  that  the  vehicular  component  region  is  essentially  Weibull,  i.e., 
a  straight  line  on  the  graphs,  as  was  the  case  for  single  vehicles.  This  sug¬ 
gested  the  following  model:  the  detector  is  considered  as  taking  the  largest 
of  Weibull  variates  at  a  very  low  probability  level  of  P  a  0.0001,  with  the 
Weibull  distribution  of  the  composite  envelope  having  m  and  K  parameters  that 
pass  through  that  point  on  the  APD  plot  and  also  give  an  rms  level  as  required 
in  equation  3-29.  The  procedure  used  was  to  keep  track  of  which  vehicle  gave 
the  highest  threshold  level  at  P  ■  0.0001,  then  finding  the  probabilities  at 
that  level  for  all  the  other  vehicles,  to  come  up  with  the  overall  exceedance 
probability  for  that  level  (P^)  by  equation  3-31.  Values  of  m  and  K  were  then 


*The  instantaneous  values  in  the  IF  are  additive,  but  not  the  envelopes,  since 
phase  is  important.  A  precise  calculation  of  the  composite  distribution,  given 
component  amplitude  and  phase  distribution,  could  have  been  made  using  Monte 
Carlo  techniques.  Such  effort  did  not  seem  justified  for  this  study. 


[i-Pi^J 


(3-31) 


3-14 


found  to  give  the  desired  V  ^  (equation  3-29)  by  the  same  Regula  Falsi  tech¬ 
nique  as  was  used  in  line  pivoting  with  P  being  the  pivot  point  (see  equation 
3-28.)  2 

Different  antennas  were  used  for  single-vehicle  tests  than  for  multiple- 
vehicle  tests  for  all  frequencies  except  23  MHz.  This  meant  that  an  additive 
(in  dB)  correction  factor,  A,  had  to  be  applied  to  the  single-vehicle  data,  to 
make  their  envelope  statistics  commensurate  with  those  for  the  multiple  vehicles 
(section  3.2.2,  below).  The  m^  parameters  were  assumed  to  be  unchanged  by  the 

gain  adjustment,  and  values  were  shifted  by  m^A/2  to  yield  the  desired  vehi¬ 
cular  rms  component  (equation  3-13).  The  extent  of  error  introduced  by  this 
procedure  could  not  be  determined. 

3. 1.4. 2  Results  of  Multiple-Vehicle  Predictions 

Section  3.6  presents  the  results  of  the  multiple-vehicle  APD  predictions. 

In  terms  of  notations  used  in  this  text,  the  tabular  headings  of  the  table  are: 
Vv,  ra^,  K^,  R  qqq^,  Rj,  and  P^.  The  table  gives  values  based  on  the  multiple- 

vehicle  measurements,  predicted  values  of  the  parameters,  and  the  results  ob¬ 
tained  from  the  prior  single-vehicle  measurements  for  those  vehicles  involved. 
Because  the  ambient  line  for  the  multiple-vehicle  tests  is  independent  of  the 
vehicles,  the  "predicted"  ambient  values  are  those  given  in  section  3.4  for 
the  multiple-vehicle  test  codes  (16  through  24) .  A  +  or  4+  beside  a  line  for 
measured  data  indicates  that  the  "measured"  (actually,  deduced  from  the  pivoted 
vehicular  line)  in  the  multiple-vehicle  test  was  greater  than  for  any 

contributing  vehicle  by  5  or  10  dB  or  more,  respectively,  a  possibly  erroneous 
condition.  Similarly,  -  or  —  is  used  to  flag  occurrences  where  the  multiple- 
vehicle  V  was  less  by  5  or  10  dB  or  more  than  the  largest  value  for  a  con¬ 
tributing  vehicle.  Similar  flags  next  to  the  predicted  V  value  flag  5-  and 
10-dB  error  of  prediction  cases. 

Errors  in  prediction  can  stem  from  a  variety  of  causes: 

(1)  Inaccuracy  of  the  model. 

(2)  Errors  in  compensating  for  antenna  gain  differences  between  the 
single-vehicle  and  multiple-vehicle  tests. 

(3)  Errors  in  estimating  my  and  Ky. 

(4)  Errors  in  assuming  that  vehicles  emitted  noise  with  the  same 
statistics  at  the  time  of  the  single-vehicle  test  and  at  the 
time  of  the  multiple-vehicle  test. 

(5)  Near  field  and  reradiation  effects  when  more  than  one  vehicle 
is  placed  in  proximity  to  the  receiving  antenna. 

The  reader's  attention  is  called  to  entries  in  the  table  of  section  3.6 
for  test  code  18,  frequency  *  23  MHz,  and  test  codes  19  and  20,  frequencies  ■ 

23  and  75  MHz.  In  almost  every  case,  the  measured  was  below  the  largest 
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Vv  for  a  contributing  vehicle  by  better  than  10  dB,  and  in  some  cases  by  better 

than  20  dB.  An  examination  of  the  raw  data  plots  for  these  cases  (app  4)  re¬ 
veals  that  in  each  case  the  measured  ambient  region  of  the  curve  was  virtually 
identical  to  the  plot  for  receiver  noise  only,  a  situation  that  is  nowhere  else 
observed  in  the  data  for  tests  conducted  at  those  frequencies.  It  is  concluded, 
therefore,  that  for  some  reason,  signals  from  the  biconical  antenna  used  for 
those  frequencies  were  greatly  attenuated  before  they  reached  the  NATE  receiver 
input.  Whatever  the  cause,  the  multiple-vehicle  data  for  those  test  codes  and 
frequencies  are  considered  to  be  invalid,  and  should  not  be  used  in  assessing 
the  relative  merit  of  the  model. 

Plots  of  several  of  the  multiple-vehicle  measured  and  predicted  APD  are 
given  in  section  3.7.  Other  examples  may  be  found  in  the  main  body  of  the  re¬ 
port.  The  figures  show  both  vehicular  and  ambient  lines  for  the  multiple-ve¬ 
hicle  test  and  vehicular  lines  for  the  contributing  vehicles.  Squares  mark  the 
predicted  vehicular  line.  Which  line  goes  with  which  vehicle  is  indicated  in 
section  3.6.  A  +  sign  on  a  component  line  shows  where  the  vehicular  and  ambi¬ 
ent  lines  intersected  at  the  time  of  the  single-vehicle  test.  In  the  list  of 
test  codes  at  the  top  of  the  figure,  the  first  value  is  the  test  code  for  the 
multiple-vehicle  test  and  the  remaining  values  indicate  which  vehicles  (num¬ 
bered  1  through  12)  were  involved  in  the  test.  The  line  labeled  VRMS  marks  the 
measured  value  of  for  the  test.  Frequency  and  bandwidth  codes  are  defined 

in  the  introduction  to  section  3.7. 

A  summary  of  error  flag  occurrences  is  given  in  table  3-1  for  each  fre¬ 
quency  and  for  all  frequencies  combined.  In  66  out  of  105  cases,  predicted 

V  values  were  within  5  dB  of  the  measured  values.  In  92  cases,  the  error 
rms 

was  less  than  10  dB.  There  were  three  cases  in  which  the  predicted  values  were 
too  low  by  more  than  10  dB.  Two  of  those  cases  were  for  the  two-vehicle  case 
of  test  code  24  at  a  frequency  of  75  MHz.  In  the  other  case,  there  were  no 
data  available  on  two  of  the  three  vehicles  in  the  test.  There  were  10  cases 
in  which  predicted  values  were  too  high  by  more  than  10  dB.  These  errors  oc¬ 
curred  most  frequently  at  f  *  900  MHz  and  b  =  300  kHz.  The  "measured"  was 

less  than  the  for  one  of  the  contributing  vehicles  by  more  than  10  dB  in  7 

out  of  the  10  cases,  and  from  5  to  10  dB  in  the  other  three  cases. 

None  of  the  three  multiple-vehicle  prediction  techniques  is  very  satisfac¬ 
tory  in  predicting  the  multiple-vehicle  APD  line.  In  many  cases,  equally  good 
or,  sometimes,  better  results  would  have  been  achieved  by  simply  picking  the 
vehicle  with  the  largest  V  value  (call  it  V  )  and  shifting  its  APD  plot  by 

(V  -  V  ) .  v 

vl,n  vm 

3.1.5  Comparison  of  m  with  Middleton's  Rayleigh  Slope 

a _ _ 


David  Middleton  has  done  extensive  theoretical  work  on  amplitude  probabi¬ 
lity  distribution  functions  of  the  IF  envelope  of  a  receiver  (ref  9  and  10). 
His  model  is  geared  toward  the  "real  world"  case  of  various  and  sundry  dis¬ 
persed  noise  emitters  and  their  effect  on  the  receiver.  This  is  somewhat  dif¬ 
ferent  from  the  case  studied  here,  where  vehicular  noise  was  studied  over  a 
time  frame  in  which  the  vehicles  were  stationary,  quite  close  to  the  receiver, 
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TABLE  3-1.  GROSS  ERROR  SUMMARY  OF  OCCURRENCES 
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running  at  constant  speed,  and  provided  the  dominant  source  of  impulsive  noise. 
Nonetheless,  it  should  be  possible  to  apply  Middleton's  model  to  the  data  of 
this  study.  A  thorough  application  of  his  model  to  the  data  will  not  be  at¬ 
tempted,  but  some  pertinent  observations  will  be  made  in  this  and  the  following 
section. 

In  his  "Class  B"  model,  for  impulsive  interference  such  as  vehicular  noise, 
the  APD  function  rises  up  from  a  base  line  which  has  a  Rayleigh  slope,  due  to 
the  Gaussian  nature  of  receiver  noise  and  other  Gaussian  components.  As  men¬ 
tioned  previously,  the  Rayleigh  distribution  is  a  Weibull  distribution  for  which 
m  =  2.  In  many  cases  the  m^  =  2  base  line  slope  was  observed,  as  can  be  seen 

by  a  quick  scan  down  the  m&  column  in  the  table  of  section  3.4.  In  fact,  signi¬ 
ficant  departures  from  m  =  2  were  seldom  observed  at  frequency  codes  3  and  4 
(300  and  900  MHz).  This  was  to  be  expected,  since  there  is  very  little  ambient 
interference  at  those  high  frequencies. 

At  75  MHz,  however,  m  was  nearly  2.0  in  only  a  few  instances,  if  one  ex- 

a 

eludes  test  codes  19  and  20  from  consideration.  As  discussed  in  3. 1.4. 2,  above, 
these  tests  are  highly  suspect  on  other  grounds,  as  well.  At  23  MHz  only  two 
cases  of  a  2  were  noted,  except  for  test  codes  18  through  20.  Part  of  the 

reason  for  this  is  that  the  APD  plots  in  this  study  only  extend  up  to  P  *  0.4, 
and  the  lower  frequencies  generally  had  significant  ambient  interference  (other 
than  receiver  noise).  There  seems  little  doubt  that  the  Rayleigh  base  line 
would  have  been  observed  in  most  if  not  all  cases,  if  thresholds  at  high  pro¬ 
babilities  had  been  measured. 

In  most  cases,  both  at  75  and  23  MHz,  m a  was  significantly  larger  than  2.0, 

indicating  the  pres' t  :e  of  essentially  CW  interference  components  in  the  ambient 
signals.  This  is  also  indicated  by  observed  values  of  less  than  1.05  dB. 

In  Middleton's  t>  rminology,  this  places  our  data  in  the  "Class  C"  classifica¬ 
tion — a  combination  of  impulsive  (Class  B)  and  narrowband  (Class  A)  interference. 
His  transition  threshold  for  the  Class  A  component  must  have  occurred  at  proba¬ 
bilities  greater  than  0.4,  since  no  cases  of  roll-off  of  the  ambient  lines  were 
observed.  No  cases  (except  for  test  code  20)  were  observed  at  23  MHz  in  which 

the  ambient  line  had  m  <  2.  In  a  few  cases  (see  app  4),  the  APD  plot  of  the 

a 

r^bient  condition  showed  a  change  in  slope  at  very  low  probabilites;  but  ap¬ 
parently  at  23  MHz,  the  ambient  is  dominated  by  low-level,  essentially  CW  in- 
terferers. 

3.1.6  Comparison  of  m^  and  Point  of  Intersection  with  Middleton's  a  and 


In  Middleton's  Class  B  model,  the  APD  curve  in  the  impulsive  noise-dominated 
region  is  described  by  a  series  of  hypergeometric  functions  (ref  9,  equation  2- 
17)  that  lift  the  curve  away  from  the  Rayleigh  base  line,  starting  at  a  point 

(R  -  V  )  ss  F'(dB),  with  the  curve  rising  with  increasingly  greater  slope  (in 
rms  B 

magnitude)  as  probability  decreases,  until  a  critical  "bend-over"  point  is 
reached,  at  a  probability  «  A^  (see  ref  9,  fig.  1).  The  curve  is  described  by 
a  set  of  six  parameters: 
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1 


P6B“{V  rB’  fl2B’  “*  blct’  Nl}  (3-32) 

where: 

Ag  and  Tg  were  described  above 

“  mean-squared  impulsive  noise  component  at  IF 
b^a  =  weighted  moment  of  the  generic  envelope  Bqb 
N  =  scaling  parameter 
a  =  spatial  density-propagation  law  parameter 


The  parameter  a  is  a  composite  parameter  that  considers  both  the  spatial 
distribution  of  the  various  interference  sources  and  the  propagation  law  (i.e., 
slope  of  path  loss  versus  10  times  the  log  of  distance) .  This  writer  cannot 
assign  a  meaningful  value  to  a  for  the  cases  examined  in  this  study,  where  a 
single  set  of  fixed-location  vehicles  provided  the  impulsive  interference.  How¬ 
ever,  Middleton  states  (ref  9,  p.  200)  that  "some  measure  of  the  slope"  of  the 
curve  "often  gives  a  surprisingly  accurate  estimate,  within  the  order  of  10 
percent,"  and  he  gives  the  equation  (slightly  rewritten  for  greater  clarity 
and  in  the  notation  of  this  report)  : 


a  «  log 


Prob  (R  > 


V  ) 
rms 


log 


Prob  (R  >_  RB) 


(3-33) 


where : 


®B 


is  the  envelope  threshold  level  at  the  bend-over  point. 


In  quite  a  few  cases,  the  data  of  this  study  do  show  a  bend-over  tendency 
at  very  low  probabilities,  but  it  would  be  difficult  to  assign  actual  values  to 
Rg  and  Ag.  In  most  cases  in  this  study,  envelope  thresholds  at  a  value  of  ^rms 

were  down  in  the  ambient  regions.  This  may  be  seen  by  skimming  through  the 

tables  in  section  3. A  and  noting  how  seldom  V  (column  labeled  VTRMS)  is 

rms 

greater  than  the  dB  level  at  the  intersection  of  the  vehicular  and  ambient 
lines.  Thus,  a  estimates  made  by  equation  3-33  would  not  necessarily  be  des¬ 
criptive  of  the  slope  (-2/m  for  a  Weibull  fit)  of  the  curve  in  the  vehicular 
region.  v 
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Middleton's  defining  equation  for  T'  is: 

D 


o2/Q 
g'  2B 


(3-34) 


where : 


o2  =  mean-squared  Gaussian  component  in  the  IF 


=  mean-squared  "impulsive"  component  in  the  IF 


Since  the  IF  and  envelope  component  values  are  proportional,  the  equation  for 
F'  becomes,  in  the  notation  of  this  report, 

O 


r:  -  v  -  v 

B  a  v 

(dB) 

(V  -  V  )/10 
-  10  3  V 

(as  a  ratio) 

(3-35) 

when  the  ambient  slope  parameter,  ma>  is  2. 


He  states,  "T'  is  quite  closely  determined  when  the  envelope  threshold... 

D 

is  normalized  vis-a-vis  [the  mean-squared  value] .. .corresponding  to  the  point 

where  the  [curve]  begins  to  depart  from  the  Rayleigh"  (ref  9,  p.  200).  If  we 

call  this  departure  level  R,  [dB(yv)],  then 

a 


rB 


V 

rms 


(dB) 


ss  10 


(Rd" 


V  )/10 
rms 


(as  a  ratio) 


(3-36) 


It  is  tempting  to  equate  R,  with  R  ,  the  level  at  the  intersection  of  the 

a  1 

vehicular  and  ambient  component  lines.  However,  the  interested  reader  can  veri¬ 
fy  for  himself  from  data  in  the  table  in  section  3.4  that,  in  general 
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v  ) 

rms 


* 


<Va- 


V 


and  frequently  the  difference  is  quite  large.  (In  the  table  in  section  3.4, 

V  is  listed  under  VTRMS,  RT  is  listed  under  "INTERSECT:  DB,"  V  is  under 
rms  I  a 

"VARMS,"  and  V  is  under  "WRMS.")  Thus,  one  should  not  attempt  to  equate 

Middleton's  "departure  from  the  Rayleigh"  point  with  R  of  this  study.  His 
T'  can  be  estimated,  however,  by  equation  3-35.  L 

Note  that  Middleton's  observations  were  based  on  situations  where  the 
bulk  of  the  noise  energy  was  from  impulsive  sources,  rather  than  ambient  or 
receiver  noise.  This  was  not  the  case  here,  where  the  ambient  contributed  a 
significant  portion  of  the  total  energy. 

3.1.7  Investigation  of  Gaussian  Components  in  Vehicular  Noise 

Several  investigators  have  reported  finding  a  Gaussian  component  (in  ad¬ 
dition  to  receiver  noise)  in  man-made  and  atmospheric  noise  studies  (ref  6). 
Middleton's  model  for  Class  B  noise  predicts  a  Gaussian  component  due  to  the 
impulsive  interference  given  by 


(ref  11,  equat>ion  2.88c;  c.f.  ref  9  equations  2.15a,  2.12a). 


In  the  tests  of  this  study,  no  such  Gaussian  components  attributable  to 
the  test  vehicles  were  observed  in  any  of  the  single-vehicle  tests.  With  12 
vehicles  (test  code  16)  and  in  one  of  the  6-vehicle  tests  (test  code  18),  some 
indication  of  a  Gaussian  component  was  observed  for  some  test  conditions,  par¬ 
ticularly  at  75  MHz. 

Figures  3-5  through  3-12  are  raw  data  plots  for  the  two  noisiest  vehicles 
when  the  ambient  line  was  essentially  Rayleigh  and  when  a  significant  amount 
of  impulsive  noise  was  present.  Included  on  the  figures  are  estimated  and 

V  values  from  straight  line  Weibull  fits  to  the  data  (prior  to  pivoting).  As 
a 

is  apparent  in  the  figures,  there  are  no  significant  differences  between  the 
levels  at  higher  probabilities  for  receiver  system  noise,  the  ambient,  or  with 
the  vehicles  on. 

Figures  3-13  through  3-21  show  results  from  the  12-vehicle  test  when  the 
ambient  line  was  essentially  Rayleigh.  Again,  estimates  of  and  Vfl  from 

line  fitting  are  given,  along  with  the  measured  value  of  the  rms  for  the  am¬ 
bient  condition  (V  ,  ).  Also  included  is  an  estimate  of  the  Gaussian  compo- 
amb 

nent  in  the  IF  due  to  the  vehicles.  This  is  called  to  conform  to  Middle¬ 

ton's  notation,  and  is  computed  as: 
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V  L/10 


n(G)  :  i 

2B  2 


expressed  In  dB(uV): 


V  /10 

10  a  -10 


«£G)  -  10  log 


[(yv)2] 


1  /  V10 

if  10  a  -10  “h 


[dB(pV) 


No  attempt  was  made  to  estimate  ft, 
was  less  than  1  dB. 


(G) 

2B 


when  the  difference  between  V  and  V  . 

a  amh 


As  can  be  seen  In  the  figures,  the  Gaussian  component  due  to  vehicular 
noise  contributed  at  most  a  3.3-dB  shift  to  the  ambient  line,  and  reasonably 
(G) 

good  estimates  of  fi^g  could  only  be  made  at  75  MHz.  In  all  other  cases,  am¬ 
bient  or  system  noise  components  obscured  any  Gaussian  components  from  the 
vehicles. 
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Figure  3-5.  APD/ACR  data  plots  for  test  13  and  test  code  1 
with  Rayleigh  ambient. 
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Figure  3-6.  APD/ACR  data  plots  for  test  14  and  test  code  1 
with  Rayleigh  ambient. 
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Figure  3-7.  APD/ACR  data  plots  for  test  15  and  test  code  1 
with  Rayleigh  ambient. 
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Figure  3-8.  APD/ACR  data  plots  for  test  16  and  test  code  1 
with  Rayleigh  ambient. 
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Figure  3-9.  APD/ACR  data  plots  for  test  6  and  test  code  9 
with  Rayleigh  ambient. 
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Figure  3-10.  APD/ACR  data  plots  for  test  7  and  test  code  9 
with  Rayleigh  ambient. 
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Figure  3-12.  APD/ACR  data  plots  for  test  9  and  test  code  9 
with  Rayleigh  ambient. 
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Figure  3-13.  APD/ACR  data  plots  for  test  5  and  test  code  16 
with  Rayleigh  ambient. 


3-31 


VEHICLE  NOISE 

TEST  08' 2 1  -  7  3  ’ M  D  Yj 

TEST  SETUP  DATS: 

6 

i«:3t:ii  'HiMSS; 

VEHICLE  DESCRIPTION 

ANTENNA  DESCRIPTION 

civ; 

t.  IAN 

PAsS . v  6  OP  3 

cyl  ■ 

EICON  TfPE  407 

TEST 

CODE:  16 

VEHICLES  in  the 

TEST:  l 

2345673'?  10  11  12 

PEC, 

FPEO. 

SPEC.  An*  L.  21J 

ENGINE 

SPEED  ANTENNA  POSITION 

75 

MHz 

100 

kHz 

1500 

PPM  8  d.’J.  3  m. 

MEASURED 

APB  VALUES: 

Po  i  nt 

Pr-ob . 

PC'S 

dBrn« 

Cal .  RMS 

Vi  o  Vd  Vo  Nil*.  ?. 

l 

.0001 

?«0E-ei 

23.3 

57. 5dBuV 

39.3o8uV  ll.IJB  S4.id3uV  -S'J.IaB. 

2 

.  0009 

ldoE.88 

25.4 

3 

.  eoie 

27eE.ee 

23.  4 

* 

4 

.0100 

i3?E*et 

10.5 

Vv  -  51. 

2  dB(wV)  -  34.8  dB(iiV) 

5 

.0200 

23SE.01 

3.6 

6 

.0500 

S42E+01 

-5.3 

*  32.5  da(uV) 

7 

.  1000 

101E+02 

-11.3 

•  27.9  dB(yV) 

3 

.2000 

279E.02 

-15.2 

S 

.  3000 

350E.02 

-15.2 

Id 

.4000 

37SE.02 

-16.2 

PMS  ccnpirfi 

to  IS. 

27  dB  abou©  KTo  » 

50.  '*  dfiuV  acrosi  50o->m* 

v«hier«  Net#* 
flu*  i  am  N©  i  s« 
9y««M  Ndm* 


dE  above  FMb 


aB  »bove  RMS 


Figure  3-14,  APD/ACR  data  plots  for  test  6  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-15*  APD/ACR  data  plots  for  test  7  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-16.  APD/ACR  data  plots  for  test  8  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-17.  APD/ACR  data  plots  for  test  9  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-18.  APD/ACR  data  plots  for  test  10  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-19.  APD/ACR  data  plots  for  test  11  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-20.  APD/ACR  data  plots  for  test  12  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-21.  APD/ACR  data  plots  for  test  13  and  test  code  16 
with  Rayleigh  ambient. 
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3.2  STATISTICS  OF  THE  NOISE  PARAMETERS 

3.2.1  IF  Envelope  Statistics  and  Sample  Cumulative  Distributions 

The  sample  median,  mean,  and  standard  deviations  of  the  various  noise  pa¬ 
rameters  for  all  single-vehicle  tests  are  tabulated  in  table  3-II.  Typical 

sample  cumulative  distribution  plots  of  V  ,  V  ,  and  V  are  shown  in  figures 

p  rms  v 

3-22  through  3-33  for  each  frequency,  and  figure  3-34  shows  plots  of  the  dis¬ 
tribution  of  V  -  V  .  For  the  latter,  all  bandwidths  were  included  for  each 
a  v 

frequency.  The  scaling  along  the  ordinate  of  the  distribution  plots  is  Gaus¬ 
sian;  that  is,  if  a  distribution  were  truly  Gaussian,  it  would  appear  as  a 
straight  line. 

No  analyses  were  performed  on  the  average  envelope  noise  power,  P  .  Since 

N 

the  IF  output  impedance  was  50  ohms,  P„  can  be  easily  calculated  from 

N 


pw  *  -  107  (dBm)  (3-37) 

n  nos 

(Ref  figure  7  in  the  main  body  of  this  report.) 


It  has  the  same  standard  deviation  as  V  ;  and  its  sample  means  and  medians 

nos 

are  easily  computed  from  equation  3-37,  so  a  separate  analysis  of  PN  data  would 

have  been  redundant.  If  one  intends  P„  to  be  the  noise  power  in  the  IF  measured 

N 

into  a  50-ohm  load,  one  should  subract  3  dB  from  the  value  given  in  equation 
3-37  (ref  equation  3-15). 

3.2.2  Relating  Envelope  Parameters  to  RF  Input  and  Field  Strength 

The  envelope  dB(yV)  parameters  can  be  referred  back  to  the  RF  input  by  sub¬ 
tracting  the  receiver  noise  gain.  One  must  not  think  of  such  adjusted  values 
as  actual,  directly  measurable  quantities,  however,  because  they  are  functions 
of  the  IF  bandwidth.  Noise  gain  of  the  receiver  was  measurable  in  these  tests 
by  employing  the  calibrated  noise  source,  which  had  a  calibrated  noise  figure. 

In  the  raw  data  plots,  the  value  of  the  calibration  noise  rms  envelope  is  list¬ 
ed,  in  dB(yV).  If  we  call  this  value  V  ,  then  receiver  noise  gain  may  be 
computed  from 


G  -  V  -  F  -  10  log  kT  -  10  log  b  -  107 
n  c  rms  c  Hz 


:  V 

c  rms 


F 

c 


-  10  log  bkHz  +  37 


(3-38) 


(Text  continued  on  page  3-50) 
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TABLE  3-II.  STATISTICS  OF  SINGLE-VEHICLE  NOISE  PARAMETERS 
(IF  ENVELOPE  VALUES  IN  dB(uV) 


Freq 

(MHz) 

Bandwidth 

Parameter 

Median 

Mean 

Std  Dev 

23 

3 

V 

P 

41.1 

41.4 

5.2 

V 

rms 

34.3 

33.5 

6.5 

V 

av 

34.0 

32.3 

6.7 

V 

V 

25.4 

25.7 

3.9 

10 

V 

p 

50.0 

50.8 

6.7  - 

V 

rms 

39.2 

40.9 

9.5 

V 

av 

38.6 

39.9 

9.8 

V 

V 

28.2 

28.8 

5.3 

30 

V 

p 

57.6 

57.1 

10.1 

V 

rms 

40.8 

41.9 

8.2 

V 

av 

39.8 

41.1 

8.7 

V 

V 

30.3 

31.6 

5.4 

75 

3 

V 

P 

32.4 

32.6 

5.7 

V 

rms 

20.9 

21.0 

3.2 

V 

av 

18.6 

19.9 

3.6 

V 

V 

16.3 

17.9 

5.7 

10 

V 

p 

37.8 

40.3 

8.0 

V 

rms 

22.2 

23.8 

2.9 

V 

av 

20.9 

22.2 

3.2 

V 

V 

18.1 

19.3 

4.5 

30 

V 

p 

47.4 

47.3 

9.7 

V 

rms 

29.3 

27.8 

3.0 

V 

av 

26.1 

26.0 

2.6 

V 

V 

22.2 

23.0 

6.1 

TABLE  3 -II.  STATISTICS  OF  SINGLE-VEHICLE  NOISE  PARAMETERS 
(IF  ENVELOPE  VALUES  IN  dB(yV))  (CONT) . 


Freq 

Bandwid th 

Parameter 

Median 

Mean 

Std  Dev 

900 

100 

V 

P 

49.7 

48.6 

7.7 

V 

rms 

21.5 

21.5 

1.6 

V 

av 

19.1 

19.2 

0.6 

V 

V 

20.3 

18.6 

7.2 

300 

V 

p 

63.6 

58.1 

10.0 

V 

rms 

25.7 

26.9 

3.0 

V 

av 

23.7 

24.1 

1.2 

V 

V 

26.7 

26.7 

11.6 
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Figure  3-22.  Sample  cumulative  distribution  of  V  with  noise  parameter 
at  IF  output  (23  MHz)  .  ^ 


TESTS  «  1  2  3  4  5  6  7  8  9  10  11  12  15  29 

WITH  BW  »  EACH  FR  -  23 


Figure  3-23.  Sample  cumulative  distribution  of  V  with  noise  parameter 
at  IF  output  (23  MHz). 
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Figure  3-27.  Sample  cumulative  distribution  of  V  with  noise  parameter 
at  IF  output  (75  MHz). 
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Figure  3-30.  Sample  cumulative  distribution  of  V  with  noise  parameter 
at  IF  output  (300  MHz)  .  Y 
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Figure  3-31.  Sample  cumulative  distribution  of  V  with  noise  parameter 
at  IF  output  (900  MHz) .  ^ 
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Figure  3-32.  Sample  cumulative  distribution  of  V  with  noise  parameter 
at  IF  output  (900  MHz).  1,118 
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Figure  3-33.  Sample  cumulative  distribution  of  V  with  noise  parameter 
at  IF  output  (900  MHz). 
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where 


-20 

k  -  Boltzmann's  constant  *  1.380  x  10  mW/HzK 
T  ■  temperature  in  K  (288  K) 

Fc  ■  noise  figure  of  the  calibrated  noise  source 

(Note:  Here,  and  here  only  in  this  appendix,  are  k  and  K  used  to  mean  other 
than  Weibull  distribution  parameters.) 

Average  values  of  Gn  for  each  test  frequency  are  given  in  table  3- III. 

The  calculated  Gn  values  displayed  very  little  variability. 

The  manufacturer's  antenna  factor  (A^)  data  in  dB  for  the  various  test  an¬ 
tennas  were  used  to  calculate  the  field  strength  of  the  emission  by  the  relation 

E  -  Af  +  V  dB(pV) 

where  E  is  the  electric  field  strength  in  dB(pV/m)  and  V  is  the  recorded  detec¬ 
tor  voltage  in  dB(yV) .  Antenna  factors  for  antennas  used  in  the  multiple-vehicle 
tests  are  given  in  table  3-IV. 

The  antennas  used  for  the  single-vehicle  test  were  different  from  those 
used  in  the  multiple-vehicle  test  except  at  23  MHz.  To  make  the  two  sets  of 
data  commensurate,  a  correction  term.  A,  must  be  added  to  the  single-vehicle 
noise  terms.  Values  of  A  are  given  in  table  3-V.  These  values  were  obtained 
from  manufacturers'  data,  except  for  the  value  at  75  MHz,  which  was  actually 
measured. 

Care  must  be  taken  when  referencing  envelope  parameters  back  to  field 
strength  to  ensure  that  the  noise  parameter  truly  is  dominated  by  noise  en¬ 
tering  via  the  antenna,  and  not  by  receiver  noise.  (One  advantage  of  real¬ 
time  APD  plotting,  such  as  performed  in  this  study,  is  that  it  is  readily 
apparent  when  receiver  noise  dominance  occurs.) 

3.2.3  Single-Vehicle  Regression  Analyses 

3. 2. 3.1  Noise  Parameters  Versus  Frequency  and  Bandwidth 

Linear  regressions  of  the  noise  parameters  [V  ,  V  ,  V  ,  V  ,  V  ]  versus 

p  av  rms  v  a 

log  b  were  run,  and  the  results  may  be  found  in  table  VI  of  the  main  body  of 
this  report,  with  plots  given  in  section  3.8  of  this  appendix.  The  noise  para¬ 
meters  in  the  regression  equations  are  referenced  to  the  RF  input  for  the  type 
of  antennas  used  in  the  multiple-vehicle  tests  (see  section  3.2.2,  above). 

This  was  done  for  ease  of  comparison  of  results  at  different  frequencies  with 
typical  nondirectional  antennas.  A  bivariate  linear  regression  on  each  of  the 
parameters  versus  log  f  and  log  b  was  also  performed.  For  these  regressions, 
the  noise  parameters  were  referenced  to  field  strength  [db(pV/m)].  The  results 
of  this  analysis  are  given  in  table  VII  of  the  main  body  of  the  report.  As 
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TABLE  3-III.  RECEIVER  NOISE  GAIN  AT  THE  POUR  TEST  FREQUENCIES 


Freq.  (MHz) 

23 

75 

300 

900 

Gn  <dB) 

40.5 

40.0 

40.0 

33.0 

TABLE  3 -IV.  ANTENNA  FACTORS 


Freq.  (MHz) 

23 

75 

300 

900 

Af  (dB) 

11.6 

warn 

17.9 

27.5 

TABLE  3-V .  SINCLE-VEHICLE  DATA  TO  MULTIPLE-VEHICLE 
DATA  GAIN  CORRECTION  TERM 


Freq.  (MHz) 

23 

75 

300 

900 

A  (dB) 

0. 

9.2 

-4.5 

-4.5 

r 


Indicated  in  the  table,  the  regression  equations  for  V ,  V  ,  and  are  ap¬ 

plicable  only  for  the  lower  frequencies.  This  is  because  the  ambient  component 
tends  to  dominate  these  terms  (see  below),  and  the  ambient  noise  was  essentially 
receiver  noise  at  the  higher  frequencies.  The  equations  for  these  parameters 
are  somewhat  biased  even  at  the  lower  frequencies,  because  the  few  cases  where 
the  ambient  line  had  a  Rayleigh  slope  were  excluded  from  consideration. 


3. 2. 3. 2  Relationships  Among  Noise  Parameters 


On  the  basis  of  the  definition  of  the  various  noise  envelope  parameters, 
one  expects  a  high  degree  of  correlation  between  certain  parameters.  For 
example,  the  envelope  average  (V  )  and  the  point  on  the  APD  plot  at  P  =  0.4 

(Rq  should  be  highly  correlated  with  the  ambient  component  (Vg)»  'Vav 

highly  correlated  with  due  to  the  low  duty  cycle  of  vehicular  noise  (see 

also  ref  14).  For  a  Rayleigh  slope  on  the  ambient  line,  the  APD  value  at  P  * 
0.37  (1/e)  equals  V ;  and  for  "flatter"  slopes,  the  value  at  V&  moves  out  to¬ 
ward  higher  probabilities.  Thus,  one  would  expect  Rq  ^  to  be  very  nearly 


equal  to  V  .  Similarly,  V  is  dominated  by  the  vehicular  component,  and  one 
a  p 

would  expect  a  fairly  high  correlation  between  and  and  Rq  qqq^*  where 
Rq  oooi  is  the  va^ue  on  APD  Plot  at  P  =  0.0001.  Any  relationship  between 
V  and  V  should  depend  on  bandwidth,  since  V  varies  as  20  log  b  (at  least 

P  v  p 

approximately),  while  V  varies  approximately  as  10  log  b.  However,  the  rela¬ 
tionship  between  Vp  and  RQ  Q0Q1  should  not  be  highly  sensitive  to  bandwidth. 

These  expectations  were  tested  by  regression  analyses,  on  all  single-vehicle 
data,  summarized  in  table  3-VI.  Bandwidth  was  found  to  have  a  significant  ef¬ 
fect  only  when  is  one  of  the  variables,  and  was  not  significant  in  the 

R0.0001  versus  VP  recession. 


3-52 


;<>  ^  ^  „<>  <) 


TABLE  3-VI.  RELATIONSHIPS  BETWEEN  NOISE  PARAMETERS  - 
ALL  SINGLE-VEHICLE  TESTS 


Regression  Equation 
(dB(yV)  at  RF) 

Correlation 

Coeff 

Std  Error 
of  Est 

A 

V 

S 

0.39 

+ 

0.796 

V 

0.901 

2.57 

rms 

a 

/A 

V 

m 

0.88 

+ 

0.941 

V 

0.996 

0.77 

av 

a 

'Rl  . 

» 

0.33 

+ 

1.03 

V 

0.993 

0.35 

0.4 

a 

m 

7.28 

+ 

0.6 

V 

0.843 

5.01 

0.0001 

p 

/V 

V 

m 

18.8 

+ 

0.50 

V 

0.745 

5. -82 

V 

p 

15.0 

+ 

0.61 

V  - 
p 

3.5  log  b 

0.770* 

5.58 

3 

21.2 

+ 

0.795 

V 

0.515 

11.21 

p 

rms 

3 

1.43 

+ 

0.679 

V 

rms 

+  11.9  log  b 

0.791* 

8.04 

V 

3 

4.7 

+ 

0.833 

V 

0.777 

5.29 

V 

rms 

/A. 

V 

S 

-2.34 

+ 

1.007 

V 

0.957 

2.80 

av 

rms 

Vd 

- 

0.062 

+ 

0.126 

(V  - 
p 

V  ) 
rms 

0.498 

2.49 

V. 

m 

3.55 

+ 

0.0212 

(V 

-  V  ) 

0.434 

2.49 

d 

V 

rms 

*  Values  for  the  multiple  correlation  coefficient  for  the  bivariate  analysis. 
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3.3  VOICE  COMMUNICATION  SYSTEM  PERFORMANCE 


3.3.1  Relating  NATE  Receiver  Envelope  Parameters  to  RF  Levels  at  the 
Communication  Receiver 


The  RF  section  of  the  NATE  receiver  provided  signals  which  were  summed 
with  signals  from  the  desired  transmitter  and  were  fed  into  the  RF  input  of 
the  test  receiver.  A  variable  attenuator  on  the  line  allowed  setting  for 
O-dB  gain  between  the  NATE  receiver  input  and  the  test  receiver  input.  This 
gain  calibration  was  performed  with  CW  signals,  and  lead  to  attenuation  values 
given  in  table  3-VII. 


TABLE  3-VII.  ATTENUATOR  SETTINGS  FOR  ZERO-dB  GAIN  FROM 
NATE  RECEIVER  TO  TEST  RECEIVER 


Freq  (MHz) 

23 

75 

300 

900 

Attenuation  (dB) 

25 

23 

21 

15 

Envelope  parameters  were  referenced  back  to  RF  input,  as  described  in 
Section  3.2.  The  assumption  was  made  that  the  same  values  were  then  appli¬ 
cable  at  the  input  to  the  test  receiver.  It  was  further  assumed  that  en¬ 
velope  statistics  in  the  test  receiver  IF  could  be  represented  by  statistics 
of  the  envelope  in  the  NATE  receiver,  when  the  values  were  determined  at  an 
IF  bandwidth  that  most  nearly  matched  the  bandwidth  of  the  test  receiver. 

These  assumptions  have  several  drawbacks: 

(1)  NATE  receiver  noise  was  fed  into  the  test  receiver.  If  the 
ambient  is  dominated  by  receiver  noise,  the  ambient  in  the  test  receiver  is 
dominated  by  either  NATE  or  test  receiver  noise,  depending  on  which  one  has 
the  greater  noise  factor. 

(2)  As  a  corollary  to  the  above,  V  and  V  ,  which  tend  to  be 

rms  av 

dominated  by  the  ambient  level,  may  or  may  not  be  representative  of  values 
for  the  test  receiver  IF  envelope. 

(3)  The  RF  amplifier  in  the  test  receiver  cannot  be  expected  to 
have  the  same  dynamic  range  and  frequency  response  as  the  NATE  receiver.  To 
the  extent  that  a  receiver's  RF  stages  affect  the  APD,  the  impulsive  components 
in  the  test  receiver  may  or  may  not  be  similar  to  those  in  the  NATE  receiver. 

(4)  The  slope  of  the  vehicular  line  on  an  APD  plot  is  in  part  deter¬ 
mined  by  the  IF  bandwidth  of  the  receiver.  Thus,  differences  in  bandwidths 
and  frequency  response  between  the  two  receivers  will  give  different  slopes, 
i.e.,  different  values  of  mv»  As  can  be  seen  from  the  nomogram  in  figure  3-1, 

when  mv  is  small  (on  the  order  of  0.1),  small  changes  in  slope  reflect  into 

large  changes  in  V  . 
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(5)  The  cable  carrying  RF  signals  from  the  NATE  to  the  test  receiver 
filters  transient  signals.  Thus,  different  RF  noise  levels  from  transients  will 
appear  at  the  test  receiver  than  were  present  in  the  NATE. 

3.3.2  Results 

3. 3. 2.1  Performance  Measures  versus  Signal  Level  and  Signal-to-Noise  Ratio 

a.  Introduction 

Plots  of  performance  in  terms  of  articulation  score  (AS)  versus  sig- 
nal-to-noise  ratio  in  dB)  are  given  in  figures  13  through  16  in  the 

main  body  of  this  report.  Average  signal  power  levels  at  RF  input  were  con¬ 
verted  to  dB(yV)  by  adding  107  dB  to  their  values  expressed  in  dBm.  .V  is 

rms 

an  envelope  parameter,  referenced  back  to  RF  by  subtracting  the  noise  gain 

between  NATE  receiver  input  and  envelope  output  from  the  envelope  values.  For 

signal-to-noise  ratios  in  the  IF,  3  dB  must  be  added  to  the  S-V  values  (be¬ 
rms 

cause  the  envelope  rms  is  3  dB  greater  than  the  rms  of  the  IF  voltage) .  Plots 

of  AI  versus  S-V  for  the  various  system  types  are  given  in  figures  3-35 
rms 

through  3-38;  the  corresponding  AS  plots  are  given  in  figures  13  through  16  of 
the  main  body  of  the  report  and  plots  of  the  raw  APD  data  for  the  tests  are 
given  in  figures  3-40  through  3-63. 

b.  SSB  System 

From  figure  3-35,  it  would  seem  that  any  amount  of  vehicular  noise 
is  very  degrading  to  the  SSB  system,  but  such  is  not  the  case.  It  happened 
that  during  the  no-vehicle  test,  the  system  was  subjected  to  a  high  level  of 
ambient  interference,  which  was  essentially  CW  (see  table  V  in  the  main  body). 

SSB  systems  can  pass  speech  intelligibly  at  quite  low  signal-to-CW- interference 
levels.  In  the  tests  with  vehicles,  the  ambient  levels  were  lower  and  more 
nearly  Rayleigh,  and  the  curves  of  AS  and  AI  versus  S-V^^  are  tightly  grouped. 

The  range  of  V  values  for  these  tests  was  only  1.2  to  3.1,  which  probably  ac- 
a 

counts  for  the  closeness  of  the  data  points. 

c.  AM  System 

The  AI  versus  S-V  plot  for  the  AM  system  (figure  3-37)  shows  a 
rms  , 

distinctive  shift  of  the  curves  to  the  left  when  vehicular  noise  is  present. 

This  is  in  agreement  with  other  findings  (ref  6)  and  indicates  that  Impulsive 
interference  at  a  given  rms  level  is  less  degrading  to  intelligibility  than  is 
steady  Gaussian  noise.  (The  ambient  noise  was  essentially  Gaussian  for  the  AM 
system.)  The  extreme  difference  between  test  29  and  test  15,  both  involving 
one  vehicle,  can  be  explained  as  follows.  In  test  29,  the  noise  from  the  NATE 
receiver  was  amplified  before  entering  the  AM  receiver.  If  the  noise  factor 
of  the  AM  receiver  was  much  greater  than  that  of  the  NATE,  the  effect  would  be 
to  increase  the  impulsive  (vehicular)  components  at  the  AM  detector  with  little 
or  no  change  to  the  Gaussian  component.  This  is  apparently  what  happened.  Thus, 

the  V.  values  at  the  AM  detector  were  probably  much  lower  than  the  measured  NATE 
d 

values  shown  in  figure  3-37  for  tests  15  through  21. 
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(Text  continued  on  page  3-59) 
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Figure  3-34.  Sample  cumulative  distribution  of  V  -  V  with  noise 
parameter  at  IF  output. 
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Figure  3-36.  AI  versus  S  -  V  (dB)  for  FM  voice  system 
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AI  VERSUS  S  -  URNS 

FOR  AN  LINK  FREQUENCY  -  300  MHZ  BANOUIOTH  »  30  KHZ 


igure  3-37.  AI  versus  S  -  Vms  (dB)  for  AM  communication  sys 
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Figure  3-38.  AI  versus  S  -  V 
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Figure  3-39.  AS  versus  S  [dB(uV)]  for  FM/PCM  communication  system. 
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Another  point  worthy  of  note  is  the  high  S-V  levels  required  for 

inns 

a  reasonable  level  of  intelligibility — considerably  greater  than  3  dB.  This  is 
because  the  AM  receiver  tested  had  an  IF  bandwidth  considerably  greater  than  its 
approximately  3.5-kHz  audio  bandwidth.  Thus,  much  of  the  noise  was  filtered  out 
by  the  audio  circuits.  This  is  a  point  to  consider  when  interpreting  IF  or  en¬ 
velope  signal-to-noise  ratios. 

d.  FM/PCM  System 


Only  one  S  level  was  tested  on  the  FM/PCM  link,  since  a  range  of  in¬ 
telligibility  values  could  not  be  attained;  the  PCM  decoder  broke  synchroniza¬ 
tion  at  a  high  AS  level.  The  S  level  tested  was  1  dB  above  loss  of  synchroni¬ 
zation.  Even  1  added  dB  of  signal  level  brought  the  system  up  to  virtually 
total  intelligibility.  As  the  AS-  versus-S  plot  (figure  3-39)  indicates,  this 
break-synchronization  threshold  was  within  1  dB  of  the  level  for  no  vehicles. 
Thus,  the  FM  detector  was  impervious  to  the  vehicular  noise,  and  the  AS  and  AI 
versus  S-V  data  (figures  14  in  main  body  and  3-38)  do  not  seem  to  be  appli¬ 
cable,  when  Vrmg  is  determined  by  the  NATE  system,  with  its  high  dynamic  range. 

e.  FM  Voice  System 

AI  versus  S-Vrms  for  the  FM  link  is  plotted  in  figure  3-36,  with  AS 

versus  S-V  shown  in  figure  12  in  the  main  body.  With  the  exception  of  test 

17,  vehicular  noise  caused  a  shift  of  the  curves  toward  lower  S-V  values, 

rms  * 

similar  to  that  observed  for  the  AM  system.  Such  a  shift,  together  with  a  re¬ 
duction  in  slope  of  the  curves,  was  expected,  based  on  previous  FM  tests  with 
time-varying  interference  (ref  7).  The  slope  reduction  was  observed  only  for 
test  15  (1  vehicle)  and  16  (12  vehicles).  The  shift  was  greater  for  1  vehicle 
than  for  12,  which  is  contrary  to  expectation.  For  test  29,  the  vehicular  com¬ 
ponent  was  3  dB  below  the  ambient  in  the  NATE  system  (table  V  in  the  main  body) , 
so  the  steepness  of  slope  indicates  that  the  ambient  was  probably  dominant  in 
determining  intelligibility.  There  was  an  8-dB  shift  in  S-V^  between  the 

test  29  data  and  test  30  (no  vehicles)  data.  This  tends  to  indicate  that  the 
NATE  receiver  noise  figure  was  considerably  lower  than  for  the  FM  receiver,  so 
that  the  noise  from  the  NATE  had  to  be  increased  by  several  dB  before  any  ef¬ 
fect  was  observed  at  the  FM  detector. 

The  FM  detector  is  preceded  by  a  limiter,  so  the  high-level,  low- 
probability  impulsive  components,  which  contribute  significantly  to  rms  level 
in  the  NATE  system,  are  treated  the  same  as  much  lower  level,  higher  probabi¬ 
lity  components.  Thus,  signal-to-IF  envelope  noise  ratio  cannot  be  expected 
to  have  a  totally  consistent  relationship  to  intelligibility  for  FM  systems. 
Perhaps  ACR  (average  crossing  rate)  at  a  level  equal  to  desired  signal  level 
would  be  a  more  consistent  indicator  of  intelligibility. 

3.3.3  AS  versus  AI  Relationships 

Plots  of  AS  versus  AI,  as  obtained  on  the  VIAS,  are  given  in  figures 
15  (one  curve  for  each  system  type)  and  16  (one  curve  with  all  data  combined) 
of  the  main  body  of  the  report.  These  regression  curves  were  made  by  using 
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a  transformation  of  AS  values  to  a  function  form  that  has  been  found  (ref  7) 
to  give  a  good  fit  by  linear  regression.  The  function  is  of  the  form: 


AS 


(3-39) 


With  AS  taken  as  a  fraction  rather  than  percentage,  taking  the  natural  log  of 
both  sides  of  the  equation  twice  yields: 


In  [-ln(AS)]  =  AI  In  y  +  In  (-In  i) 


(3-40) 


which  is  a  linear  equation  in  AI.  The  parameter  i  is  termed  the  intercept 
parameter  and  y  the  rate  parameter. 

As  can  be  seen  in  figure  17  (main  body) ,  there  is  quite  a  bit  of 
spread  of  AS  data  points  about  the  regression  lines  for  the  SSB,  FM,  and  AM 
systems.  Some  variation  is  to  be  expected  because  the  AS  scores  were  obtained 
with  only  one  listener  crew  (8  listeners).  However,  it  was  discovered  that 
tests  tended  to  fall  into  families  of  curves  for  all  three  systems. 

On  the  FM  link  there  were  two  curves  about  which  the  data  clustered: 
curve  for  3  and  6  vehicles  and  a  curve  for  the  other  tests.  The  two  curves  for 
the  FM  link  are  shown  in  figure  3-64.  There  were  also  essentially  two  curves 
for  the  AM  system:  one  curve  for  the  two  single-vehicle  tests  (test  codes  15 
and  29)  and  another  curve  for  the  rest  of  the  data. 

On  the  SSB  system  there  were  essentially  three  curves.  Tests  with 
3  vehicles  and  no  vehicles  made  up  one  curve,  the  two  tests  with  1  vehicle 
made  up  a  second  curve,  and  tests  with  6  and  12  vehicles  made  up  still  a  third 
curve. 


The  distinction  between  the  curves  was  noticeable  not  only  by  clus¬ 
tering  of  the  data  points,  but  by  the  shape  of  the  curves:  the  slope  parameters 
were  distinctly  different.  Similar  groupings  of  data  had  been  noticed  before 
(ref  7)  when  similar  systems  had  been  subjected  to  interference  from  communi¬ 
cations  transmitters,  and  it  was  found  that  the  significant  parameter  was  the 

degree  of  variability  in  the  audio  interference.  The  noise  parameter  V,  (V, 

a  a 

*  vrms  ~  Vav)  is  an  indicator  of  the  degree  of  impulsiveness  of  the  IF  envelope 
so  was  examined  as  a  possible  parameter  of  the  curves.  The  results  were  in¬ 
conclusive,  however. 

There  seems  to  be  little  pattern  to  the  curve  groupings,  other  than 
the  separation  of  single-vehicle  data  on  the  AM  and  SSB  links.  Thus,  the  phe¬ 
nomenon  is  considered  to  be  a  relatively  minor  design  deficiency  in  the  VIAS 
as  a  predictor  of  AS. 


Figure  3-40.  APD/ACR  data  plots  for  test  1  and  test  code  14 
with  Rayleigh  ambient. 
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Figure  3-41.  APD/ACR  data  plots  for  test  3  and  test  code  14 
with  Rayleigh  ambient. 
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Figure  3—43.  APD/ACR  data  plots  for  test  7  and  test  code  14 
with  Rayleigh  ambient. 
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Figure  3-44.  APD/ACR  data  plots  for  test  2  and  test  code  25 
with  Rayleigh  ambient. 
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Figure  3-46.  APD/ACR  data  plots  for  test  10  and  test  code  25 
with  Rayleigh  ambient. 
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Figure  3-48.  APD/ACR  data  plots  for  test  2  and  test  code  15 
with  Rayleigh  ambient. 
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Figure  3-49.  APD/ACR  data  plots  for  test  7  and  test  code  15 
with  Rayleigh  ambient. 
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Figure  3-50.  APD/ACR  data  plots  for  test  11  and  test  code  15 
with  Rayleigh  ambient. 
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Figure  3-51.  APD/ACR  data  plots  for  test  15  and  test  code  15 
with  Rayleigh  ambient. 
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Figure  3-52.  APD/ACR  data  plots  for  test  3  and  test  code  17 
with  Rayleigh  ambient. 
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Figure  3-53.  APD/ACR  data  plots  for  test  7  and  test  code  17 
with  Rayleigh  ambient. 
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Figure  3-54.  APD/ACR  data  plots  for  test  11  and  test  code  17 
with  Rayleigh  ambient. 
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Figure  3-55.  APD/ACR  data  plots  for  test  15  and  test  code  17 
with  Rayleigh  ambient. 
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APD/ACR  data  plots  for  test  2  and  test  code  21 
with  Rayleigh  ambient. 
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Figure  3-57.  APD/ACR  data  plots  for  test  6  and  test  code  21 
with  Rayleigh  ambient. 
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Figure  3-58.  APD/ACR  data  plots  for  test  11  and  test  code  21 
with  Rayleigh  ambient. 
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Figure  3-60.  APD/ACR  data  plots  for  test  1  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-61.  APD/ACR  data  plots  for  test  5  and  test  code  16 


with  Rayleigh  ambient. 
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Figure  3-62.  APD/ACR  data  plots  for  test  9  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-63.  APD/ACR  data  plots  for  test  13  and  test  code  16 
with  Rayleigh  ambient. 
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Figure  3-64.  AS  versus  AI  for  FM  link 


3.4  COMPUTER  PRINTOUTS  OF  APD  STRAIGHT-LINE  APPROXIMATIONS  FOR  SINGLE  AND 
MULTIPLE  VEHICLES 

This  paragraph  presents  the  computer  printouts  of  the  results  of  APD 
straight-line  fitting  for  the  vehicular  and  ambient  regions.  Test  codes  1 
through  12,  15,  and  29  are  single-vehicles  tests.  Test  codes  16  through  24 
are  multiple-vehicle  tests.  In  test  code  30,  no  vehicles  were  running  (am¬ 
bient  interference  only).  Line  fitting  was  done  on  a  PDP  11/45  computer  with 
the  procedures  described  in  3.1.2  and  3.1.3,  above. 

DESCRIPTION  OF  COMPUTER  PRINTOUT  HEADINGS 
FOR  APD  STRAIGHT-LINE  APPROXIMATIONS 

FREQ  =  Test  Measurement  Frequency 

1- 23  MHz 

2- 75  MHz 

3- 300  MHz 

4- 900  MHz 

BW  =  Test  Measurement  Bandwidth 

1- 3  kHz 

2- 10  kHz 

3- 30  kHz 

4- 100  kHz 

5- 300  kHz 

First  of  a  line  fair:  Results  of  piecewise  linear  regression  on  the  raw  data 
(see  section  3.1.2). 

Second  of  a  line  pair:  Results  afte^r  possibly  pivoting  ambient  and/or  vehicu¬ 
lar  lines  (see  section  3.1.3). 

VTRMS  *  Measured  V  in  dB(yV),  if  on  the  first  line. 

rms 

VTRMS  ■  Calculated  V  in  dB(pV),  if  on  the  ADJUSTED  line. 

rms 

MV  *  my  parameter  of  Weibull  distribution  for  vehicular  noise  component. 

KV  -  10  Nr’  w^ere  is  k  Waibu11  distribution  parameter  for  the 

vehicular  noise  component. 

WRMS  *  Calculated  vehicular  noise  component  in  dB(pV). 
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MA 


KA 

VARMS 

INTERSECT: 

Flags : 


m  parameter  of  Weibull  distribution  for  ambient  noise  component. 

SL 

10  1°8^q  i-s  k  Weibull  distribution  parameter  for  ambient  noise 
component. 

Calculated  ambient  noise  component  in  dB(pV). 


DB  PROB  *  Coordinate  point  on  APD  plot  where  lines  for  ambient 
and  vehicular  noise  regions  intersect. 


*  =  Measured  V  >  V 

rms  a 

+  =  Calculated  V  >  measured  by  more  than  3  and  less  than 

rms 

6  dB. 

++  ■  Calculated  V  >  measured  by  more  than  6  dB. 

rms 

-  =  Calculated  V  <  measured  by  more  than  3  and  less  than 

6  dB.  nnS 

R  *  Ambient  line  pivoted  to  a  Rayleigh  slope. 

m  *  999.99,  K  =  asterisk  string  =  zero  slope  to  the  ambient 

3  line. 
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3.5  DATA  PLOTS  OF  APD  STRAIGHT-LINE  APPROXIMATIONS  FOR  SINGLE  AND  MULTIPLE 
VEHICLES 

This  paragraph  presents  the  data  plots  of  the  APD  straight-line  approxi¬ 
mations  for  single  and  multiple-vehicles.  These  plots  were  constructed  by 
using  the  data  listed  in  paragraph  3.7.6.  These  plots  show  only  those  cases 

where  the  predicted  and  measured  V  differed  by  more  than  3  dB.  The  plots 

rms 

show  values  of  voltage  threshold  in  dB(pV)  versus  probability  for  various  fre¬ 
quency-bandwidth  combinations.  The  codes  employed  on  each  plot  for  frequency 
and  bandwidth  are  as  follows: 


Frequency 

Bandwidth 

Code 

Value 

Code 

Value 

1 

23  MHz 

1 

3  KHz 

2 

75  MHz 

2 

10  KHz 

3 

300  MHz 

3 

30  KHz 

4 

900  MHz 

4 

100  KHz 

5 

300  KHz 
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4P0  D&IJU  UERS'JS  F'ROepeiLITV 
FR  ew  TEST  CODE 
1  3  1 


mFD  06IJU  UEP3US  PROBABILITY 
FP  ew  TEST  CODE 
3  5  34 
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APD  oeuu  VERSUS  PROBABILITY 
PR  BU  TEST  COOE 
3  4  22 


3-114 


hPO  OBIJU  uersus  probability 
FR  BW  "TEST  COOE 
3  5  21 


seal  3005  .001  .01  .02  .03  . I  .2  3  .4 


68 


50 


40 


30 


20 


APO  OeUM  UERSUS  PROBABILITY 
FR  BU  TEST  COOE 
4  3  20 


3001  0005  301  .01  .02  .05  .1 


2  3  4 


3-115 


APD  OBUU  '.*ERSUS  PROBABILITY 
FR  BW  TEST  CODE 


8801  8005  .801  .01  .02  .05  .1  .2  .3  .4 


APO  ceuu  UERSUS  PROBABILITY 
PR  BW  TEST  CODE 
1  Z  20 


8801  8085  081  .01  02  05  .1  2  3  4 
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APD  DBUU  UERSUS  PROBABILITY 
FR  BW  TEST  CODE 
3  5  13 


0001  0003  001  .01  .02  .  03  . 1 


hPO  OBIJU  UERSUS  PROBABILITY 
FR  BW  TEST  COOE 
3  4  13 


0001  .0003  001  .01  .02  .03 


hPO  OBUU  1  •ERSUS  PROBABILITY 
FR  ew  TEST  CODE 


9001  8603  .001  01  .82  .03  .1 


APO  06UM  VERSUS  PROBABILITY 
FP  BW  TEST  COOE 
2  3  11 

78 


68 


36 


40 


30 


0001  0063  001 


.01  02 


.05 


flPD  OB'JU  U6RSU3  PROBABILITY 
FR  BU  TEST  COOE 
3  3? 


wPO  OBUU  UERSU3  PROBABILITY 
FR  SIJ  TEST  CODE 
3  4  3 


APO  08UU  UER3US  PROBABILITY 
FR  6W  TEST  CODE 
2  3  9 
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APO  DEUU  VERSUS  FPOBABILITV 
FR  BU  TEST  CODE 


0001  0003  001  .01  .02  .03  .1  .2  .3  4 


APO  OB'J'J  VERSUS  PROBABILITY 
FR  EM  TEST  COOE 


0001  0O03  001  .01  02  .03 


2  3  4 
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APB  oeuu  VERSUS  PROBABILITY 
FR  BW  TEST  COOE 

3  5  3 


APO  OBUU  VERSUS  PROBABILITY 
FR  BU  TEST  COOE 


0001  0005  001  01  02  05  1  2  3  4 


7.-125 


hPC'  OBUO  OERSUS  PROBABILITY 
PR  81-1  TEST  CODE 
1  l  7 


APO  08UM  VERSUS  PROBABILITY 
FR  BW  TEST  COOE 
2  4  3 
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AD-A121  580 


VEHICLE  NOISE  MEASUREMENTS^ )  ARMY  ELECTRONIC  PROVING 
GROUND  FORT  HUACHUCA  AZ  APR  80  USAEPG-FR- 1065  3 


UNCLASSIFIED 


F/G  20  * 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUfitAU  OF  STANDARDS- 1963  A 
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3.6  COMPUTER  PRINTOUTS  OF  COMPARISON  RESULTS  OF  MEASURED  AND  PREDICTED  V 

v 

FOR  MULTIPLE  VEHICLES 


This  paragraph  presents  the  computer  printout  results  of  a  comparison 
analysis  between  measured  and  predicted  values  of  for  multiple  vehicles. 

Each  sheet  lists  the  associated  Weibull  parameters  and  intersection  points 
for  individual  vehicles,  the  predicted  composite,  and  the  measured  APD  straight 
line  approximations.  These  data  were  compiled  for  the  following  tests. 


Test  Code 
16 

17 

18 

19 

20 
21 
22 

23 

24 

The  frequency  (FREQ)  and  bandwidth 
heading  for  each  test  entry.  Errors  in 
results  were  flagged  with  the  following 


Number  of  Vehicles  Tested 
12 
6 
6 
6 
3 
3 
3 
2 
2 

(BW)  are  shown  as  part  of  the  top 
prediction  and  unexpected  measurement 
code: 


1.  On  a  "MEASURED"  line 


Measured  composite  Vy  less  than  for  one  of  the  contributing 
vehicles  by  more  than  10  dB. 


3- 


3 


-  Measured  composite  less  than  for  one  of  the  contributing 
vehicles  by  more  than  5  but  less  than  10  dB. 

+  Measured  composite  greater  than  largest  for  a  contributing 

vehicle  by  more  than  5  but  less  than  10  dB  (a  possible  error 
condition) . 

++  Measured  composite  V  greater  than  largest  for  a  contributing 

vehicle  by  more  than  10  dB  (a  probable  error  condition). 

2.  On  a  "PREDICTED”  line 

—  or  ++  Predicted  less  than  or  greater  than  measured  by 
more  than  10  dB. 

-  or  +  Predicted  Vv  less  than  or  greater  than  measured  Vv  by  more 

than  5  but  less  than  10  dB. 

Those  entries  without  a  flag  on  the  "PREDICTED"  line  indicate  that  the 
measured  was  considered  to  be  satisfactorily  predicted  from  the  composite. 

Plot  line  descriptions  in  the  table  refer  to  the  plots  in  section  3.7. 
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3.7  DATA  PLOTS  OF  COMPARISON  RESULTS  OF  MEASURED  AND  PREDICTED  APD  FOR 
MULTIPLE  VEHICLES 


This  paragraph  presents  example  data  plots  showing  the  straight-line 
approximations  of  measured  and  predicted  APD  for  multiple  vehicles.  The 
plots  were  constructed  from  the  computer  printout  data  present  in  section 
3.6.  Squares  are  used  to  indicate  the  predicted  composite.  Crosses  on 
the  single-vehicle  lines  mark  where  the  vehicle's  line  intersected  its 
ambient  line.  The  measured  and  predicted  for  each  test  condition  are 
listed  at  the  top  of  the  plot.  The  predicted  was  summing  the  mean  square 
values  associated  with  the  contributing  vehicles.  Plots  are  shown  for  the 
following  tests: 

Test  Code  Number  of  Vehicles  Tested 


16 

17 

18 

19 

20 
21 
22 

23 

24 


12 

6 

6 

6 

3 

3 

3 

o 

4. 

2 


The  frequency  (FR)  and  bandwidth  (BW)  have  also  been  coded  as  follows: 
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Frequency  (FR) 
Code  Value 

1  23  MHz 

2  75  MHz 

3  300  MHz 

4  900  MHz 


Bandwidth  (BW) 
Code  Value 


1 

2 

3 

4 

5 


3  KH 
10  KHz 
30  KHz 
100  KHz 
300  KHz 


The  measured  value  of  V  for  the  multiple-vehicle  test  is  indicated  so 

ras 

that  the  ordinates  can  be  easily  rescaled  from  dB(pV)  to  dB  re  rms. 

The  sample  plots  include  a  plot  for  test  code  20  at  75  MHz,  which,  as 
discussed  in  3. 1.4. 2,  is  considered  to  be  invalid  due  to  excessive  attenuation 
between  the  antenna  and  the  NATE  receiver  input. 


3-159 


3-160 


APO  oeuu  UERSUS  PROBABILITY 

FR  BU  TEST  COOE  MEASURED  UURMS  «  22.0 

3  £  22  l  2  4  PREDICTED  «  24  9 


3-161 


MEASURED  UURMS  «  33.4 
PREDICTED  -  377 


T 


APO  OBUU  UERSUS  PROBABILITY 
FR  BM  TEST  COOE 
2  4  £2  1  2  4 


0001  0003  .001  .01  .02  .03  .1  .2  .3  .4 


HPO  OBUU  UERSUS  PROBABILITY 
FR  BM  TEST  COOE 
2  3  22  1  2  4 


MEASURED  UURMS  •  31  4 
PREDICTED  -  31.2 


0001  0003  .001  01  .02  .03  .1  2  .3  4 
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3-163 


APO  OBUU  UEKSUS  PROBABILITY 

FR  eu  TEST  COOC  MEASURED  UURWS  ■  25. 


0001  .0005  .801  .01  .02  .05  .1  .2  .3  .4 


APO  OeUM  UEPSUS  PROBABILITY 

FR  BW  TEST  COOE  MEASURED  UURMS  «  117 


0001  S005  .001  01  02  i3  1  .2  .3  .4 


# 
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apo  oeuu  uersus  probability 

FR  BW  TEST  CODE  MEASURED  UURMS  «  25  4 

2  2  23  1  12  PREDICTED  -  230 


mPO  oeuu  UERSUS  PROBABILITY 

FR  BW  TEST  CODE  MEASURED  UURfIS  »  23  4 

2  3  23  1  12  PREDICTED  ■  31 .7 


0001  .8095  991  0102  .05  1 


.2  .3  4 
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FP 

BU 

TEST 

hPO  DPUU  VERSUS  PROBABILITY 
COClt 

MEASURED  UUPWS 

-34.2 

2 

4 

23 

1  12 

PREDICTED 

-  38  2 

MEASURED  UURMS  •  24  3 
PREDICTED  -  3€  2 


APO  oeuu  UERSUS  PROBABILITY 
FR  BW  TEST  COOE 
4  5  23  1  12 


0061  .8005  .801  .81  02  .85  .1  .2  3  .4 


APO  OBUU  UERSUS  PROBABILITY 
FR  BW  TEST  COOE 
l  3  24  1  4 


MEASURED  UURMS  -  34. t 
PREDICTED  -421 


APO  GBUU  'VERSUS  PROBABILITY 

PR  ew  TEST  CODE  MEASURED  UURMS  »  31.2 

2  1  £4  l  4  PREDICTED  -  27 .7 


0801  .8089  .881  .81  .02  .89  .1  .2  .3  .4 


I 


APO  OBUU  UERSU3  PROBABILITY 
FR  BW  TEST  COOE 
2  2  24  1  4 


MEASURED  UURMS  *  35.3 
PREDICTED  •  27.1 


90 


70 

6-0 

50 

40 


38 


20 


8881  .8809  .801  .01  .02  05  .1 


.2  .3  .4 
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3.8  DATA  PLOTS  OF  REGRESSIONS  OF  V  ,  V  ,  V  ,  V  ,  AND  V  FOR  SINGLE  VEHICLES 

p  av  rms  a  v 


The  raw  data  and  estimated  regression  links  for  the  various  noise 
parameters  versus  log  b  are  presented  In  the  following  computer-generated 
plots.  The  parameter  names  used  by  the  computer  for  plot  labeling  are  re¬ 
lated  to  symbols  used  in  the  text  as  follows: 

VP  -  V 


VT  -  V 


rms 


SA  -  V 


av 


VA  *  V 


W  -  V 


Data  points  which  were  detected  as  being  probable  gross  errors  are  flagged 
by  a  larger  circle  enclosing  the  point. 


3  19.  39  199  399.  1900 
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i 


TESTS  *  1 

29 

WITH  FR  «  1 


Sh  uersus  ew 

WITH  NOISE  PARAMETER  AT  RF  INPUT 
TESTS  >123456783  10  11  12  15 

29 

WITH  FR  -  1 


TESTS  *  1 

29 

WITH  FR  =  1 


UT  "ERSU3  BW  . 

WITH  NOISE  PARAMETER  AT  RF  INPUT 
2  3  4  5  5  7  3  9  10  11  12  15 


3.  10  .  30.  100  .  300.  1O0C. 


UP  U ERSUS  BW 

WITH  NOISE  PARAMETER  AT  RF  INPUT 
TESTS  *123455789  10  11  12  15 

■5<J 

WITH  FR  =  2 

TO 

40 

30 

20 

10 

0 

-10 

-20 

3.  10  30  100  300.  1000 
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UT  UERSUS  BW 

WITH  NOISE  PARAMETER  AT  IF  OUTPUT 
TESTS  »  l  £  3  4  5  S  7  8  9  10  11  12  15  29 


3.  10  .  30.  108  .  300.  1000 


TESTS  a  1 
2-a 


WITH  FR  «  2 


<JT  VERSUS  BW 

WITH  NOISE  PARAMETER  AT  RF  INPUT 
2  3  4  5  6  7  8  9  10  11  12  13 


16 


0 

-s 


-16 


-24 


-32 


3.  10  .  30  100  .  300.  1000 
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TESTS  ■ 
WITH  FR 


l 

29 


W  VERSUS  BW 

WITH  NOISE  PARAMETER  AT  RF  INPUT 
2  3  4  5  6  7  8  3  10  11  12  15 


3  ia.  30.  toe.  3oa  loaa. 


SA  VERSUS  BW 

WITH  NOISE  PARAMETER  AT  RF  INPUT 
TESTS  3  1  2  3  4  3  S  ?  3  9  10  1 1  12  15 

23 

WITH  FP  *  2 


Um  '.'EfiSUS  SW 

WITH  NOISE  PWRHMETEP  HT  RF  INPUT 
TESTS  *123456789  10  11  12  15 


WITH  FP  •  2 
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UT  VERSUS  BW 

WITH  NOISE  PARAMETER  AT  RF  INPUT 
TESTS  a  1  2  S  4  Z  6  ?  8  3  10  11  12  15 

23 


3.  10  30.  100  .  300.  1000. 
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DATA  PLOTS  OF  Vp  AND  V^  VERSUS  DISTANCE  FOR  SINGLE  VEHICLES 


3-188 


Measured  peak  voltage  level  of  vehicular  noise  from  Vehicle  12  versus  antenna  distance  for  various  frequencies 
and  bandwldths. 
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value  of  vehicular  noise  from  Vehicle  1  versus  antenna  distance  for  various  frequencies  and 


Measured  rms  value  of  vehicular  noise  from  Vehicle  9  versus  antenna  distance  for  various  frequencies  and 
bandwidths. 
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APPENDIX  4  -  GLOSSARY  OF  SYMBOLS 
Amplitude  probability  distribution  function,  plotted  with 
envelope  level  in  db(wV)  or  dB  re  rms  as  the  ordinate  and 
exceedance  probability  as  the  abscissa,  with  the  probability 
axis  scaled  to  be  proportional  to  [-10  log  (-In  P)] 

Subscript  used  to  indicate  applicability  to  the  ambient  component 
Expected  value  of  the  variable  specified 
Gamma  function  of  the  argument: 


xZ  ^  exp  [-x]  dx 


P6J'I 


Middleton's  notation  for 
Intermediate  frequency 

Subscript  used  to  indicate  applicability  of  an  envelope  of 

probability  value  to  vehicle  i 

10  log  k  (i.e.,  k  in  logarithmic  units) 

"Intercept  parameter"  of  the  Weibull  distribution 
"Slope  parameter"  of  the  Weibull  distribution 
Mean  squared  "impulsive"  component  at  IF 
IF  radian  frequency 
IF  envelope  exceedance  probability: 

P(Rj)  -  Prob  [R  >  Rj 

Value  of  exceedance  probability  at  the  intersection  of  the 
vehicular  and  ambient  component  lines 
IF  envelope  power  in  dBm 

Value  of  P  at  the  pivot  point  for  multiple-vehicle  predictions 
Middleton's  set  of  six  parameters  that  are  used  in  his  Class 
B  model 
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p 


R 


R 

P 


r 


r(t) 

S 


a 


V 

P 

V 

rms 


Weibull  probability  density  function: 


p(r) 


.  m-1 

k  m  r  exp 


Kl 


r  i  0 
r  <  0 


IF  envelope  level  in  dB ( yV) 

Rl  -  20  log 

Value  of  R  at  the  bend-over  point  in  Middleton's  Class  B  model 

Value  of  R  at  the  intersection  of  the  vehicular  and  ambient 

lines 

Value  of  R  where,  in  Middleton's  Class  B  mode,  the  amplitude 
distribution  function  starts  to  differ  from  a  Rayleigh  line 
For  n  <  1:  value  of  R  at  an  exceedance  probability  of  P  *  n 

Value  of  R  about  which  an  ambient  line  is  pivoted  to  a  Rayleigh 

slope 

Value  of  R  about  which  a  vehicular  line  is  pivoted 
IF  envelope  level  In  yV,  defined  with  r  0 
IF  envelope  level  as  a  function  of  time 

Desired  signal  level  at  the  RF  Input  to  a  communication  receiver. 
Units  may  be  dBm  or  dB(yV),  whichever  is  specified. 

Parameter  of  the  Rayleigh  distribution,  related  to  the  Weibull 
k  parameter  by  k  ■  (2a2)  *  when  the  Weibull  m  *  2 
Mean  squared  value  of  the  Gaussian  component  at  IF 
rms  ambient  component  in  the  IF  envelope  in  dB(yV) 

Average  IF  envelope  value  in  dB(yV) 

20  log  ^E[r(t)] 

Dispersion  parameter  ■  V _  -  V 

rms  av 

Peak  IF  envelope  value  in  dB(yV) 
rms  IF  envelope  value  in  dB(yV) 

20  log  (  E[r2(t) ] 
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rms  vehicular  component  in  the  IF  envelope  as  estimated 
by  the  Weibull  distribution,  in  dB(pV) 

Subscript  used  to  indicate  applicability  to  the  vehicular 

component 

-10  log  (-In  P) 

Value  of  X  at  the  Intersection  of  the  vehicular  and 
ambient  lines 

Value  of  X  about  which  an  ambient  line  is  pivoted  to 
have  a  Rayleigh  slope 

Value  of  X  about  which  a  vehicular  line  is  pivoted 
An  estimated  value  of  r  for  the  multiple-vehicle  case 
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